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— maller and lighter than previou 
designs, new Allis-Chalmers potential 


transformers cut installation costs and provide 
maximum handling convenience. Le pace and 
le foundation to mounting structure are re 
quired, A fork truck or block and tackle is all 
that is needed to lift these 69-kv units into posi 
tion. And, of course, relocating is accomplished 


just as easil 


Performance has also been improved in both 


ratio and phase angle with the advanced design 


POTENTIAL 


Two-Bushing Transformer 


of Allis-Chalmers potential transforme 





Many other design features — features that 


, 





if 
assure unparalleled dependability and long life TYPE oo Height | Weight 
have been incorporated in these modern :, SPW.2 35 38°, 280 
unit Get the complete tory from your local SPW-3 34.5 40 310 
, : % SPW.-4 46 48! ; 615 
A-C representative or write Allis-Chalmers, i Ream x SPW.6 69 61 1160 
Power Equipment Division, Milwaukee 1, Wi i ' aeum = SPW-11 115 86 3400 


Single-Bushing Transformer 
SPW.-21 25 3 4) 260 
SPW-31 345 | 44'%4 285 
SPW.41 46 50 *4 460 
SPW.-61 69 63° 950 
Chalmers line of potential transformers to include SPW-11] 115 92 2310 
higher voltage insulation classes. SPW-131 138 112 3510 
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Systems Engineering—A Growing Concept E. W. Engstrom 


An explanation of the concept of systems engineering in terms of its evolution 


and characteristics 


Electric Heating in the Home S. L. Forsyth 


The various types of electric heating are described in this comprehensive report, 


with a comparative analysis of these systems 


Published monthly by Digital Computers Can Aid Utilities F. J. Maginniss 
American Institute A broad picture of the most common and obvious applications of the digital 
of Electrical Engineers 


computer in the public utility field 


Eye Protection in Radar Fields W.G. Egan 


The design of protective goggles to be worn by personnel exposed to microwave 


ficlds is discussed 


Adjustable-Voltage Drive for the Operation of Ore Bridges S. G. Smith 


A cle scription ot the apple itions of adjustable-voltage drives to ore bridwe md 


unloaders, including a discussion of some outstanding advantage 


Plant Mortality I. F. Brennan 


Simplified approach to problem of determining lite expectancy of equipment 


utilizing technique ol analyzing a paraboln frequency distribution of failure 


Speed Control of Induction Motors Using Saturable Reactors PL. Aleer, ¥. H. Ku 


\ method of induction motor speed control, using teedback-controlled atuvaltole 


reactors in series with the motor windings, is described and evaluated 


First Principles of Semiconductors C. A, Escoffery 


\ brief review of semiconductor phenome: 1 which has been stripped of the jargon 


of the physicist 


Some Studies in the Speed of Visual Perception G.C, Sziklai 


Results of several tests that have been devised in order to measure the perception 


speed of the participating observers 


THE COVER: Stanford Research 
Institute has transformed one 
of the rolling hills west of Palo 
Alto, Calif., into an experi- CONTENTS CONTINUED 
mental radar station with in- 
stallation of a giant 61-foot ala ‘ 
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diameter antenna and 100- the United States of Amer 

monthly by Industrial Arts Ir 

received at AIEK headquarters 
. eed ‘ 


megacycie transmitter. Story on 
page 171 
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Okolite-insulated power cable 


Edward E. Mcliveen, Okonite’s Assistant Manager of Engineering shows: 


Rubber-insulated Loxarmor Interlocking S-shaped 
armor cables provide an ideal combination of flex- 
ibility, light weight and mechanical strength. Where 
rigid conduit is not desired, Loxarmor is the No. 1 
alternative for either power or control circuits. 
Here’s why 

Material and installation costs are lower. Eliminates 

conduit and related installation procedures such as 

making bends and using pull boxes. It is especially 


useful in cramped quarters. 


Circuits are easily added or re-routed—vusvally trained 


in trays or racks, Loxarmor cables can be easily moved. 


Easy accessibility reduces down-time— permits quick 


inspection. Can be installed indoors and outdoors. 
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Why Loxarmor is the low cost 
alternative to conduit 


Breve 

















Loxarmor occupies less space—not much more than 
half the space is required for multiple Loxarmor cir- 


cuits vs. circuits in conduit. 


Loxarmor can be supplied with the strip-insulated 
insulations Okolite oil-base or Okonex butyl-base; 
with extruded Keystone or Watertite insulations; or 
with varnished cambric—all depending upon your 
installation conditions and voltage requirements. 


Loxarmor is available in galvanized or stainless 
steel, aluminum, bronze or copper armor. May be 
obtained with either copper or aluminum con- 
ductors. For further information write for Bulletin 
EG-1090. The Okonite Company, Passaic, N. J. 


: HN where there’s electrical power... there’s OKONITE CABLE 
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he can switch 


your 12 kv feeders 


anywhere, any time, under 





The stick- operated 
SaC Alduti 


any load with a hook stick \, toed interrupter 
using an §.C LOAD INTERRUPTER 





Sure! The switching of your 12 kv distribution feeders is getting 
tougher and tougher! Maybe your linemen are living with it, or 
maybe you are spending a fortune just to get by. 


Is there another alternative? 


Certainly! A stick-operated S&C Load Interrupter. It can switch positively— 
under any condition — any load, whether it’s line charging current, capacitor 
charging current, magnetizing current, or full load. And it can 

be done without the hazards and uncertain#ies of an 

external arc. Here’s a switch that will keep your 


linemen happy, and the comptroller, too. 


USE IT AT SECTIONALIZING POINTS 


On 12 ky racial circuits, in- 
creased loads have made 





switching at sectionalizing 
points virtually impossible DIAGRAM OF A TYPICAL DISTRIBUTION SYSTEM 
with conventional discon- ! ; 
nects. On loop circuits (right) e vy)! 
it’s difficult enough where the FEEDER #I— -@- ; 
duty involves only switching 
in parallel. And if the tie svmacns 
switches are open, hazard es Lood interrupter 

7 Fused Load Interrupter 


free circuit interruption can 


Fuse Cutout 


be an impossibility. __.. Transformer 


Here, S&C Load Interrupt 
ers will give you safe, posi 





tive, circuit interruption on 
full line voltage and full load 
current—an advantage under 





emergency conditions, and a 
convenience under normal 
circumstances. 








Specialists ia High-Voltage Cincuit Iuterrnuption since 1910 





€ The SaC Load Inter- 
rupter, Alduti type; 


outdoor, single pole, (stick- 
operated); 14.4 kv, 600 
amp. Three-pole, group- 
operated load interrupters 
are also available. 


Load Interrupter Performance Comparison 





$2C Load Interrupters Conventional Disconnects 





PERFORMANCE cache ‘Sonam: Sticke Group- 


Operated Operated Operated Operated 














ae 


Interrupt current from parallel sources safely? § é me : Yes > DOUBTFUL DOUBTFUL 
Sot id a ee bs 








A 


Safe to equipment or personnel if inadvert- Rar 
ape bs 


ently opened on full voltage (in case loop is : ves NO DOUBTFUL 


open)? in Se Z a 4 








Dump load without opening feeder breaker, 
or without preliminary unloading? 


NO DOUBTFUL 








Multi-pole device controllable from ground 
(may be required by system practice or other 
circuits on same pole)? 





Ma 


ves 
ves NO YES 


NO DOUBTFUL 


Interrupt line charging current safely? 





Cost? HIGHEST LOWEST HIGH 











The S&C Load Interrupter can switch the circuit men or equipment in case of inadvertent operation 
without unloading preliminaries and without open The S&C Load Interrupter breaks all load and 
ing the breakers. The use of S&C Load Inter charging currents instantly and decisively. Be 
rupters cannot lead to dangerous phase-to-phase sides, you can mount it in any desired position 
or phase-to-ground faults, because there is NO vertical, upright, or inverted. Write today for 
EXTERNAL ARC. Also there is no danger to Catalog Section 760 on S&C Load Interrupters 


LOAD INTERRUPTERS 


| Sa€ ELECTRIC COMPANY 





For low-cost switching 
choose a Southern States 
tilting insulator disconnect 


at + 


EASY INSTALLATION 


One reason utilities find the installation of these 
switches so easy is the method for affixing the inter 
phase shaft to the rocking insulator. The shoft is 
laid in its proper position across all three phases 
and then only one bolt per phose is tightened to 
complete the installation, saving valuable installa- 


tion time in the field, 


TYPE TR-1A 





TWO COMPLETE LINES 


When easy, low-cost installation is the first requirement for 
disconnecting switches, Southern States offers you not one 
but two « omplete lines from which to choose. 

The Type TR-1A is a high-quality rocker-type discon- 
nect that meets NEMA Standards in every respect. It is 
available in voltage ratings from 7.5 kv through 69 kv and 
continuous current ratings of 200, 400, and 600 amps. 

The Type RU-1LA is a distribution level tilting insulator 
switch specifically designed for pole-top mounting. Its 
dielectric strength is the same as standard levels for other 
distribution equipment but it is below NEMA Standards 
for powe! switching equipment, It is available in voltage 
ratings of 7.5 and 15 kv and continuous current ratings of 
200 and 400 amps. 

Both types are ruggedly constructed, and will provide 
reliable switching under all service conditions. Many utili 
ties throughout the nation have found in these switches the 
answer to their needs for low-cost, easily installed discon- 
necting switches. So can you. Get full details in our Bulle- 
tins 54 RU and 3050. 


SOUTHERN STATES 


EQUIPMENT CORP. 
HAMPTON, GEORGIA 





IN CAN 4DA;: Dominion Cutout Co., ltd., Toronto 





DYN, crim TOOL 


for reliability plus versatility 


An electrically controlled pneumatic-hydraulic tool combining the 
convenience of a hand tool and the power of a bench press 
. . » Mounted on a portable cart which serves as a support 
... Power unit and tool may be detached for use in hard- 
to-reach locations . . . Operated either by foot pedal 
or thumb contact button... Adapted for use on A-MP 


Solistrand, Ampli-Bond and Aluminum terminals, 





ask about 


TO SeEerrenr WIRING 


AMP Incorporated 


General Offices: Harrisburg, Pa. 


Wholly Owned Subsidiaries: Aircraft-Marine Products of Canada itd., Toronto, Canada « Aircraft-Marine Products (G.B.) Lid, 
London, England « Societe AMP de France, Le Pre St. Gervais, Seine, France *« AMP—Holland N.Y. ‘s-Hertogenbosch, Holland 


Japanese Distributor: Oriental Terminal Products Co., Utd., Tokyo, Japan 
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Microwave = 


COMMUNICATIONS 
TELEMETERING 

REMOTE CONTROL 
and VHF CONTROL 





a 600-mile microwave system 


requiring greatest reliability 


There’s no icing of these microwave dishes— 
not even in the snowbound Northwest—thanks to a 
newly developed Philco antenna cover, Thermo- 
.a must for 
.. but 
only one of many features, including diversity, 


Microdome! Complete de-icing . . 
reliability in any communications system . 


in the microwave installation of the Bonneville 
Power Administration. 

Here are a few of Bonneville’s microwave fa- 
cilities: An extensive telemetering system in 
Portland, Oregon, control center for the Federal 
Columbia River generating and transmission 


Bonneville’s custom-built Augspurger microwave station 
Durable shelters to house microwave and multiplex equip 
ment, as well as towers, antennas, and reflectors, are avail 


able in the Philco product line 


system, gives instantaneous readings of voltage, 
frequency and power produced by five distant 
dams. Sixteen telemetering channels are carried 
by a single voice channel for 28 hops—one over 
60 miles long. Every station is equipped for ten 
automatic functions including fault reporting, 
standby-switching and equipment '‘statuscheck”’ ! 

Philco offers a “complete microwave pack- 
age’: Every item of equipment you may need; 
experienced system planning; installation and 
service after the sale. Write Department EE for 
full details 


Beside utilities such as the Bonneville Power Administra- 


tion, Philco has installed extensive systems for leading 


turnpike 5, railroads telephone com panies and 


pipe lines 


Rove roine ntal apencics 


PHILCO— Pioneer and World Leader in Microwave 


PHILCO CORPORATION 


OVERNMENT AND 
NDUSTRIAL DIVISION 


PHILADELPHIA 44 
PENNSYLVANIA 


In Canada: Philco Corporation of Canada Limited, Don Mills, Ontario 





EXTREMELY COMPACT, yet 
hove many high-current taps, 
perfectly insulated. Terminals 
are convenient for wiring. Back- 
of-panel mounting. 

















“SLOW-BREAK" MECH- 
ANISM, incorporating a 
positive cam-and-roller, 
provides “slow-break, 
quick-make™ action, par- 
ticularly suited to alter- 
nating current. Minimizes 
sparking, extends con- 
tact life. 


CERAMIC 
CONSTRUCTION 
provides perfect 
insulation vwunof- 
fected by arcing. 
Contacts and 
mechanism ore en- 
tirely enclosed and 
protected (except 
for Model 111). 


b ood reasons 
Why industry prefers 


D AAS 


HIGH CURRENT 

















ROTARY 





TAP SWITCHES 


SILVER-TO-SILVER 
CONTACTS, for high 
electrical conductivity. 


Check the features at right that make Ohmite 
tap switches preferred by industry everywhere. 
Shown below are five sizes of high-amperage, 
multi-point selectors. They are extremely com- 
pact, providing up to 12 tap terminals. In addi- 


“DEAD SWITCH 
SHAFT. Complete- 
ly insulated from 
the lood by oa 
high - strength 





Have low surface resist- 
ance, and eliminate con- 
tact maintenance, 





driving hub which 
will withstand a 








SELF-CLEANING ROTOR 
CONTACT. Slightly rounded, 
assures perfect seating and 
producing slight rubbing 
motion with every operation. 


tion to the types and sizes shown, Ohmite tap 2000-volt test. 








switches are supplied in open, all-ceramic, 





shorting and non-shorting types, All Ohmite 








tap switches can be mounted in tandem for 





multiple-pole operation. 


Write on company letterhead for 
Ohmite Catalog and Engineer- 


Be K g At 
with 


ing Manval No. 40. 


ORMITE 


RHEOSTATS + RESISTORS + RELAYS + TAP SWITCHES 
TANTALUM CAPACITORS 


OHMITE MANUFACTURING CO. 
3614 Howerd St., Skokie, Illinois 
(Suburb of Chicago) 











DOW CORNING 
CORPORATION 


Silicone Dielectrics 


ELECTRICAL AND ELECTRONIC NEWS 


No. 10 





Silicone Molding Compound Has 
Superior Insulation Resistance 


While Dow Corning 301 Molding Com- 
pound is frequently specified for electri- 
cal parts because of its outstanding 
resistance to high temperatures, this 
versatile material has electrical 
properties superior to comparable plas- 
tics at room temperature. Take insula- 
tion resistance, for example— 


The 
mary 


also 


accompanying graph 
of tests run on four miniature 


traces a sum- 
26- 
contact connectors molded by Continental 
Connector Corporation, Long Island City, 
N. Y. All plugs were identical in physical 
form, but each was molded from a dif- 
ferent material as indicated on the graph. 


Not only did the plugs made of 301 
Molding Compound have the highest initial 
insulation resistance, but their margin of 
superiority broadened substantially after 
240 hours at 96% RH. These tests were 


’ 


el ame 
. 


~~ nee eneraace 


See 
a of be ito 
MA awe ERE 


conducted at room temperature; at ele- 
vated temperatures the superiority of 
the silicone molding compound is even 


more pronounced. 


Performance like this is one of the reasons 
why Continental, among the world’s larg- 
est producers of connectors, reports 
increasing interest in “301” molded units. 
Already undergoing tests in guided missiles, 
industrial ovens and even kitchen ranges, 
301 Molding Compound is manufactured 
to meet Specification MIL-M-14E, Grade 
MSI-30. Continental has announced that 
its entire connector line will soon be avail- 
able in 301 Molding Compound. No. 41 
CHICAGO « 


ATLANTA © BOSTON «¢ 
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Protect Current Transformer With Silastic Encapsulation 


Encapsulation in Silastic*, Dow 
Corning’s silicone rubber, has proved 
to be an ideal solution to the problem 
of protecting electrical and electronic 
components from vibration, heat, mois- 
ture and corrosive conditions. An 
excellent example is found in the 
new Type 5-kv current transformer 
made by Westinghouse. 


A highly compact unit designed for indoor 
metering or relaying applications, the SM-5 
transformer is the smallest, lightest and 
most durable 5-kv unit ever built. Silicone 
insulated throughout, the SM-5 easily meets 
all ASA and NEMA standards 


To further assure top dependability, the 
entire core-coil assembly is encapsulated 
in an attractive, one-piece silicone rubber 
jacket. This jacket remains resilient and 


retains its original dielectric properties even 


in locations subject to extreme changes 
in temperature and humidity 
rubber also expands and contracts with 
the coil. As Westinghouse aptly describes 


it, “transformer 


The silicone 


sealed 
No. 42 


performance is 


in to stay.” %r. w. nea. vu. s. PAT. oF? 








New Pressure Sensitive Tape Offers Outstanding Adhesion at —65 to 500F 


Designers looking for new ways to cut 
production costs or to improve product 
performance are certain to find many 
applications for Permacel EE-3621, a 
glass-cloth-reinforced tape coated with 
a pressure sensitive Dow Corning sili- 
cone adhesive. 


Adhesion 
tape 
temperatures. 


values for the Permacel 
exceptionally high at extreme 


A l-inch strip holds— 


50 ounces at 150F 
30 ounces at room temperature 
74 ounces at —65 F 


new 


are 


TYPICAL ADHESIVE STRENGTH OF 
€£-3621 OM VARIOUS SuRFraAcES 


Poem pe vem 


002 003 Onn 16 
Adhowrs Pihap qrom per quere mach 


DALLAS ©* DETROIT « 





LOS ANGELES «+ 


Canada: Dow Corning Silicones Ltd, Toronto; Great Britain: Midland Silicones Ltd., London, France: 
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flexible at 
hard or 


The tape and 
65 F 


brittle in 


tacky 
not 


remains 
become 

S00 I It 
excellent moisture resistance and dielectric 


and does 


service at retains 


strength at all temperatures 


Permacel EE-3621 is supplied with a corru- 


cloth 
slippage of wire bundles in the production 


gated glass backing to minimize 


of electrical components 


use in 

motors and the 
adhesive permits EE-3621 to be 
used for many taping applications where 
extreme temperatures are the order. No, 43 


Although 
Class H 
silicone 


designed primarily for 


transformers, 


Send Coupon for More 


Information 


DOW CORNING CORPORATION - Dept. 4114 


Midland, Michigan 


Please send me 4l 42 43 
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TITLE 
ee, 


STREET 


city 





ZONE 


NEW YORK © WASHINGTON, D.C. 


St. Gobatn, Parts 


LIA 





SAME voltage rating 


-» -ANY strength 


When substation design calls for buses to withstand 
high faule currents, there’s often considerable 
economy in use of insulators of high cantilever 
strengths. Availability of such insulators affords 


freedom in structure design, and reduces total 


number of insulators and points-of-support required. 


In the illustration above, the insulators shown 
are, in order, a Lapp Standard Station Post, a Lapp 
High Strength Station Post, a Lapp Extra High- 
Strength Station Post, and a “special” Lapp Station 
Post of still higher strength. It’s “special” only be- 
cause it doesn’t happen to be in the most recent 
catalog, and because it doesn’t fit any previously- 
established formal strength siaadards. A customer 
needed 10,000. Ib. 


switch and bus insulator. He got it—in a hurry. If 


cantilever strength in a 23-Kv 


you need an insulator of such characteristics, specify 
it as Lapp No. 41398. If you need switch-and-bus 
supports in any other strength rating, we can prob- 


ably make them, too. The merit of the Lapp Station 


1PA Please mention ELECTRICAL ENGINEERING when writing to advertisers 


Post design is reflected in the ease of its stress analy- 
The simplicity of the post structure, the uniform 
reliability of Lapp porcelain, and the certainty of 
externally-attached caps—instead of pins or inserts 
—all are such that it is routinely possible to design 
an insulator into an unexplored strength field, with- 
out risk of unknown variables. 
At any voltage rating, in any strength class, Lapp 
Station Posts give you an extra margin of operating 


security, low upkeep, long life. 


Lapp Insulator Co., Inc., Le Roy, N. Y. 
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ERMANIUM ? 


LENIUM’? 


INTERNATIONAL'S Application Advisory Department 
| can solve this problem for your application! 


2 


of Oy, 
Qo 


e 


©) 
2 
< 
. 
a 
4 


R P 


EXECUTIVE OFFICES: EL SEGUNDO, CALIFORNIA « PHONE OREGON 
> @ 

° ; ‘ew ¥ 

“Gry re? 


68-6261 


r,t ) wing ve HON wy 16174 
LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIPF 


THE WORLD’S 


TIERS 
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Why wait 
for EHV benefits? 


We're ready now to help 
you go ahead with 
Extra-High Voltage 


Transmission 


No longer is a “‘wait-and-see” attitude the prac- 
tical approach to whether or not to use extra 
high voltage transmission. 

If you can use the economies and other benefits 


possible with extra high voltage, you can go 





ahead with your plans right now. Generally, the 
major problems on EHV transmission have al- 
ready been solved. Answers have been obtained 
through actual experience in this country and 
abroad, and they’ve been obtained in the labor- 
atory. 

The Ohio Brass extra high voltage laboratory 
has led the way on EHV research with compre- 
hensive studies of electrostatic shielding arrange- 
ments, tower flashover, bundled conductors, con- 
tamination and other highly important phases of 
KHV transmission. We know, for example, that 
present designs of insulators and hardware can 
be readily adapted to even higher transmission 
voltages than are now being used, 

We’re prepared to help you relate our findings 
to your operating conditions. And if you have 
some special problems, our laboratory facilities 
and experience are available to help you solve 
them. 

So why wait to get the benefits of extra-high 
voltage transmission in your system? We’re 
ready to help you go ahead— NOW! 


« OHIO BRASS COMPANY, MANSFIELD, OHIO 
CANADIAN OHIO BRASS CoO., LTD, 
NIAGARA FALLS, ONT. 


hea Bietda. 


Sheave being attached to string of O-B suspension in- 
sulators before they’re raised into position on tower, 
More than two-thirds of the extra-high voltage miles in 
North America are suspended on O-B insulator 


4741-H 
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ALECTRA 


WEATHERPROOF 


GENERAL 
CABLE’S 


ALUMINUM 


ed 


Built into its aluminum products are 75 years of General Cable’s engineering 
and manufacturing experience. In this record are more than 
25 years of successful performance of insulated aluminum conductors marketed 
as ALECTRAL. Available in ALL-ALUMINUM, ACSR, WEATHERPROOF and with RUBBER and 
THERMOPLASTIC insulations. A sound and economical investment for all voltage ranges. 


GENERAL CABLE CORPORATION, 420 Lexington Avenue, New York 17, N. Y. 
Offices and Distribution Centers Coast-to-Coast 


for quality and service... specity G eE Ad Ee ae A L Cc A B L Ee 
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EXTENDED 
LIFE 
ELECTROLYTIC 
CAPACITORS 








now avatlable for 

military electronics 
computers 

laboratory test instruments 
industrial controls 


other electronic applications 


HERE ARE CAPACITORS OF THE SAME MAXIMUM RELIABILITY which Sprague 
has long supplied to the telephone systems . . . now available for your own high reliability elec- 
tronic applications. 

he use of especially high purity materials . . . utmost care in manufacture, constant obser- 
vation and quality control of all operations have made Sprague Extended Life Capacitors out- 
standing for their long life and faultless performance. 

Type 17D Extended Life Electrolytics have turret terminals and twist-mounting lugs. A spe- 
cial vent construction is molded right into the cover, as are the numbers identifying each terminal. 
The aluminum cans are covered with a corrosion-resisting insulating coating. 

Nineteen standard ratings, all characterized by low maximum leakage current and remarkable 
life test capabilities are available in the new series, Complete technical data are in Engineering 
Bulletin 340, available on letterhead request to the Technical Literature Section, Sprague Electric 
Company, 321 Marshall Street, North Adams, Massachusetts. 


K 
PRAGUE world’s largest capacitor manufacturer 
_ 


Export for the Americas: Sprague Electric Invernational Ltd., North Adams, Massachusetts. CABLE: SPREXINT. 
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SYSTEMS ENGINEERING 
A Growing Concept 


W. ENGSTROM 


FELLOW 


The concept of systems engineering is explained 

in terms of its evolution and characteristics. The 

engineering of a color television system and of 

a specific weapons system are used to illustrate 
its application. 


devices 


LASK of adapung our increasingly complex 


and technique to the requirements and 


limitations olf the who must use them has 


pe ople 


presented modern engineering with its greatest challenge 


Po meet this challenge, we have come to rely increasinely 


recent yea 
known 


vrowth ol 


during upon the comprehensive and lovical 


concept as systems cngimnecring 


| hie 


to the 


the system concept and its ipplication 


olution ot complex enginecring problems are mat 


engaged in developing new 


With 


deve loped i close interrelationship among all of the Lun 


ters ol interest to all of u 


products technique and services this vrowth has 


Chyeinecring locusing them upon 


Lions cCncompas ed by 


the basic objective of idapting technology to peopl and 


their need 


SYSTEMS ENGINEERING DEFINED 


| hie 
that 


DO WE MEAN by systems enginecring mans 


WHat 


popula definition lact 


n to the 


boil dow sir ple 


tems engineering is a method of going about our busine 


Phis method is best described by stating the two mayor re 


quirement for its success: first, a determination of the ob 


poctrve that is to be reached: and second, a thorough con 


factors that bear upon the po sibility of 


sideration of all 
reaching the objective, and the relationships among thes 
factors 


There Is 


gineering, As a 


nothing new about the practice ol systems en 


method, it has been employed lor many 


benefit of specific designation. John 


the ¢ War era tis 


cnyincerineg 


vithout the 


Monitor ol 


years 


kricsson ivil an early and 


outstanding example of systems 


What ts 


it by name and our appreciation of its universal value 


not the but our recognition ol 


new Is pPrackice 


Only recently have we come to realize that in systems en 


gineering lies the effective method for solving the most 


difficult proble ms raised by today’s comple x undertakings 


in the engineering field 


EVOLUTION OF SYSTEMS ENGINEERING 


OuR APPRECIATION is not an overnight development 


The systems approach has figured prominently for many 


e-president, Radie Corporation {f America 
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AIF} 


years in the engineering of our modern telephone systems 


and the distribution of electric power. In the 1950's the 


concept Was adopted in the research and deve lopornne nt of 


This latter oul 


our modern television service work ts an 
tanding example olf the method as ipplied to electron 


I hice World War Il gave 


petus to the sLOTHIS approach ove i 


experience ol the vreatest un 


the extension ol 


broader area, largely because otf cde velopments in 


I hie 


urborne use 


Prbddhy clectrombe ( 


tronics necad lor lovel types ol 
wicl 


black 


bomb 


Variety ob Component 


boxe mit ( it} 


fon vave rise toa 


devices known as 


cluce d 


yvstern 


popularly 


sight hre-control 


hese 


radar equipment novel 


md communication equipment 


venous device but the appli ition in term 
hich the 


I he 


ystem of w ere merely parts wa 


Lite 


ol Minhpprovi ition practice under Wiartinnne cirettin 


the mdivid 


rely ol 


thre 


stances and pre to think 


ual component mid its use rather than of general en 


in Which it was to operate 


black 


vironment 

Tie 
probl mH 
I hits 


perlorming 


itably thie proliteration ol Pane 


ol establishing proper interaction amon 


thre \ is envineer began to come it 


the essential task of looking ahead 


mate objective thre ystomn md con icle rit thre 


ich black bow formed t par 


Wo! al 


hich ¢ 


Unader the unique pressures of War Il 


novel clectrons 


haral 


tin 


vehiclk It 


ipproackh ucceeded in l 


onto Existing p ies and ould 


uch t k 


intercontinental miussile 


today tor as the design of an earth 


an clectronic data proc 


tem, or a nuclear reactor 


CHARACTERISTICS OF THE SYSTEMS METHOD 


tems engmeerimeg a disciplin 


Wi 


mits ow 


OW RECOGNIZI \ 


n right, having a set ol rules aflecting its conduct 


requiring people vith specialized traiming ind calling for 


substantial changes in our engincering organization 


chat if 


ob 


As a discipline, the system approach has these 


teristi all cases, regardle ol the great variety ol 


jective and detatled engineering methods 


broad in ignoring the boundaries that 


1. It is 


cpa! ite 


s ope 


the various academic discipline that separate 


research from engineering, and advanced cde velopment 


trom product design and marketing 


29 It is co-operative, usually involving large numbers of 
} 


peopl and functions that may appear at first vilance to 


have little to do with one another 


4. It requires compromise because succ in develop 


ing a complex system normally involves a sacrifice at one 
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To the systems engineer, computation and display equipment like this at 


RCA's Waltham, Mass., laboratory provides the means for simulating the 


performence of the desired system or its component parts 


ake of the whole system 
and by the same token a bit skeptical 
detail that 
\t 


solution 


OY MOT ol detail for the 

1 Ita 
I tie 
bears upon th 


that first appeal 


point 
thorough 


ystcmns chginecr must cxamine every 


function of the complete system the 


me time mist distrust the tempting “easy” 


Phere is one more highly important point to be empha 
ized, The principal reason for developing most systems ts 
to surmount the limitations of human perception, physi 
This ts thre 


thre control ola su pCrsonie plane, 


ology, or temperament truc whether system 


involve the solution of 
i comple x mathematical proble m, ov the operation of a 
t lephone dial 

bhi 
byaast 


hha 
Wi 


Hlimportant question of human limitations ts thre 


human engineering, a related discipline which 


ol 
in integral part of the systems approach 
field of 


mount of detail that will satisty 


becom 
thre 
thi 


Hay 


deal human engineering with such 


it 


the hu 


qyuu tions a 


maximum number 
ifely. A lack 
even Ca 


nan eve in-a television system, or the 


of controls that an aircralt pilot can handle 


ol proper human cnginecring can be costly, on 


tastrophic, Or the other hand, proper consideration 


human enginecring tactor tn) at ck IVE) can contribute to 


(¢ 


Bit 
iboly ¢ 


cheinecrihily 


Lic ce olaosystem ipproach mvari 


judged, then, by its effectiveness tin producing 


itt by 


sivn idapted for wise by persons ol de 


' ound poly soul cl 


finned skulls 


operational research analysis 


ind based upon concepts resulting from an 


THE PROPLE AND THRE ORGANIZATION 


Pith SYSTEMS APPROACH Is 1 comple KX matter, mecreasing 


in complexity as we move up the scale to larger and more 


involved units, Because each system must be considered 


isa unit, inattention to any single aspect of the smatlest 
component can jeopardize success in attaiming the final 
objective. Thus the question of success or failure rests, as 
it always has, upon the competence and reliability of the 


people to whom our engineering projects are entrusted 


114 knestrom 


Systems Engine ring 


Phe enginecring team engaged in any systems project 


will normally include a number of individuals of varied 


technical skills, having in common the ability to fit then 
special talents into the achievement of the complete sys 
tem. This team frequently will call upon specialists who 
do not have the systems viewpoint to refresh and cnlaree 
their knowledge of the various technical specialties, While 
it is true that leadership of this team will reside in onc 
essential work of systems engineering on a 


man, thy 


project of any magnitude ts done by the team and not by 
an individual 

\ broad range ol scientific and technical specialties is 
There may be aerodynami 


encompassed by such a team 


cists, ballistics experts, electrical engineers, designers, 


mathematicians, physicists, chemists, psychologists and 
many others, in a variety of combinations according to thi 
task at hand, In a fully co-operative team, a wide range of 
talents is thus brought to bear on cach problem. Such a 
team has both positive and negative virtues, It is able not 
only to advance directly to a desired objective, but also to 
preve nt a waste ol time, effort, and expense on imprac tl 
cal proyects 

Phe supervision and team activities of systems engi 
necring clearly demand engineers of superior knowledge, 
vision, and tact. They must be equipped, above all, with 
the ability to apply standards which will enable them to 
judge the progress of the detailed work in relation to the 
final objective. Such engineers are developed through spe 
cial training and through experience in an environment 
that encourages the flowering of their talents 

Many companies today maintain special training pro 
grams for systems engineers. RCA, for example, has co 
operated with the Moore School of Electrical Engineering 
of the University of Pennsylvania in the establishment of 


a two-yeal graduate scininar course in systems enginect 


ing at the university. In the words of the prospectus, this 
course is planned 
“(1) to supple ment, for use In systems engineering o1 
operations research, the education of persons of suit 
able experience in industry, graduate work, govern 


ment service, or an equivalent and 

(2) by concentrating on systems problems to in 
culcate a ‘systems consciousness’.” 

RCA engineers selected for their potential effectiveness 
is systems engineers are given the opportunity to take this 
lecture course 


preliminary 


course alter completing a 


within the company 


COLOR TELEVISION 


Paik peEVELOPMENT of the RCA compatible color tel 
Vision system is an outstanding example of systems cngt 


neering on a large scale 


\l 
this complex project were faced with a series of basic con 
had that 


television 


the outset, the systems engineers concerned with 


ditions and problems. They to establish first 


a need for color Then it was neces 


that 


there was 


sary to determing color television was both tech 


nically possible and economically feasible 
Subsequently, they had to consider the environment in 
which color television would start, grow, and continue 
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This was a most important consideration since, for prac- 


tical reasons, black-and-white television came first, creat 
ing a large and growing public investment in black-and 
white television receivers. In this environment, the sys 
tems engineers concluded that the new color system must 
be compatible with the existing black-and-white service 
In other words, the color system must be so designed that 
received in monochrome on 


color broadcasts could be 


existing black-and-white receivers, while the new colo 


receivers could receive black-and-white as well as color 
broadcasts. 

In retrospect, the choice of a compatible system seems 
utterly logical—but it was not so in the earlier develop 
ment period, In fact, an incompatible system urged by 
some in the industry was approved as standard by the 
had to be 


Government regulatory body. This move later 


undone before further progress could be made toward 
establishment of a practical color television service. 

Another broad problem for the systems engineering 
team was the definition of technical specifications. In 
volved in this question were such considerations as bal 
ancing the requirements of human vision for picture dé 
tail and color characteristics, and balancing the poten 
tials of apparatus performance and the availability of 
channel space for broadcasting stations 

In the latter case, early analysis indicated a need for 
basic advances in technology and invention to fit picture 
information into a narrower frequency band than could 
be achieved by earlier straightforward communication 
techniques. It was evident, too, that new apparatus would 
have to be invented or developed—particularly the pic 


I here 


need as well for broad experience in propagating the 


ture tube for reproduc ing color 1MmMages was a clear 
radio signals and transmitting color programs 

As the work moved beyond these initial determinations 
into the more practical stages, a host of more detailed 
problems had to be solved. ‘These related to practical ap 
paratus design, practical operation under broadcast serv 
ice conditions, industry participation in determining the 
signal specifications for transmission, and approval of 
these specifications as standards by the Federal Communi 
cations Commission 

Finally, there came the problems of establishing color 
television service, expanding studies, interconnecting net 
installing transmitters, and creating 


works, program 


production groups. In the final stage, too, arose the mat 


ters of selling color to television advertisers, marketing 
the new receivers, and measuring public reaction, 

Thus, from concept to fruition, the color television sys 
tem presents a “textbook” example of the systems concept 


All ol the Ss 


systems 


in action matters required full consideration 


by the engineering team, working toward the 


single defined objective 


A SPECIFIC SYSTEMS PROJECT 


Creation of the color television system represents the 
systems approach on the broadest scale. Yet the conce pt 
is fully as applicable on a narrower or more spee ific basis 
We can see in the development of a military weapon how 
the same pattern of systems enginec ring emerges. 
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We do not need to be specific in this case as to the exact 
nature of the weapon, It might be a tactical system such as 
an aircralt for close support ol ground troops, or It might 


be a strategic system such as an intercontinental ballistt 


missile. In any case, the systems engineering group must 


begin with a basic study in order to achieve the tollow 


ing objectives 


Hlow 


OVel all 


1. Determine the requirements for the weapon 


does it fit into the scheme of military tactics or 
operational plans for the time period when it will be op 
erational? 

2. Determine the technical state of the art, and the 
prospects for advancement in the technical a®eas appli 
cable to the problem 

3. Determine the optimum system that can be achieved 
in terms of the various functions, or subobyectives, that 


of values for the 


are involved analysis will include establishing a 


scale various functions, and determining 


the penalties incurred through cost, size, weight, or engi 
neering complexity, This step frequently leads to com 
promise based on the most favorable ratio of value versus 
penalty, with the aim of achieving more important objec 
tives at the expense ol those which are relatively less im 
portant 

!. In cases where the ultimate solution of a part of the 
problem may still be only a gleam in the engineer's eye, 
determine whether interim solutions wall permit deve lop 
ment of the system as a whole pending ultimate develop 


indi@idual 


5. Determine whether the system can be developed so 


ment of the lagging parts 


that it can be operated by personne | with the training (or 


lack of it) that will be available 


6. Determine whether the system can be maintained tn 


operation under held conditions. How much degradation 
is to be expected during use in the field? Should there be 
field 


compromise between theoretical performance and 


Modern systems engineering employs modern tools. Here design prob- 


lems involved in aircraft propulsion systems are studied by means of 


closed-circuit television, itself a product of a careful systems approach 
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performance for the sake of achieving a greater probabil 


ity of eflective tactical use? 


7. Determine whether the system can be supported 


logistically in the planned operating area. For example, 
hould standard components be used extensively to case 
field maintenance problems, or would this degrade per 
formance of the weapon too seriously? 

Determine whether the equipment will be subject to 


At the 


made as to how fat 


countermeasures by the ene my, such as jalnining 


une time, a determination should be 


the tem should be complicated by including safeguards 
such enemy action 
the 


and design are susceptible to control by human operators 


ivainst 


extent to which a systems concept 


9. Determine 
under the conditions of use. For example, the human op 
erator may in many cases be a part of the system, and his 
probable reactions and his level of training must be taken 


into account in designing the system 


All of these objectives fit into the general problem 
which Each 
of the included in 


the design concepts and in the operation of the completed 


the systems engineering team must resolve 


answers from this resolution must be 


ystem 

Phese two examples—the engineering of a broad color 
television system and of a specific weapons system—are far 
apart in their concept and application. However, a com 


thread rulis 


mon through both in the analysis and the 


Both present design problems 
Clearly, 


execution of the work 


that submit to the systems engineering concept 


both a color television system and a new mulitary weapon 


call for the 
the same application of appropriate skills to the variety of 


same kind of careful study and analysis, and 


problems related to the final over-all objective These re 


quirements apply with equal force in all cases, whether 
the objective is an clectroni business machine for a life 


Sur Alice COMpPAany an accounting system for a bank, an 


inventory control system for a large business firm, or even 


i system tor the compl te trafic control of the airways of 


our cOoUnLLY 


BROADER SIGNIFICANCE OF SYSTEMS ENGINEERING 


SY 


mum benefits from new, expanding, scientific and techni 


il knowledge \t 


broader ¢ xpericnce ol immense s ilue in preparation fol 


)TEMS ENGINEERING is cnabling us today to reap max! 


the same time, it is providing us with 


the coming cra of automation 


\utomation in its ultimate form will encompass all as 


pects of systems engineering, on the broadest scale. For a 


roneration of engineers trained in the design of compre 


sive systems, it will be a relatively short step in the 


lhe 1 


philosophical sense from the electronic data-processing 


ol 
It will be just as short a step from today’s largely auto 


system today to the automatic tactories of tomorrow 


matic jet fighter to tomorrow's completely automatic jet 
airliner operating in an environment of controlled trathe 
Phe complexity that has overtaken our technology has 


at the time overtaken out economy, our social en 


Satie 


vironment, and our relationships with the rest of the 


world. There is every reason to believe that this complex 
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ity, like that in the field of technology, will increase rather 
than decrease in the future 

Many of these complexities arise from changing or 
evolving ré lationships between racial or economi groups, 
between nations, and between conflicting ideologies. In 


cach case, we must start with the determination of an ob- 
jective, and with a thorough consideration of all factors 
bearing upon the possibility of reaching this objective. 
We must make ourselves aware of the relationships among 
these factors. We must consider the limitations of percep- 
tion and temperament among the people upon whom the 
success Of the proposed solution depends, There is a strik 
ing parallel here between the steps required to solve many 
problems in these broad areas, and those required by sys- 
tems engincering in the field of technology. 

The systems concept has been designed specifically to 
fulfill requirements in the engineering of complex. sys- 
tems. Its eflectiveness can be measured by our success in 
developing wondertully versatile systems of home enter- 
tainment, communications, automatic controls, and mili 
lary weapons In each case, applic ation of the cone ept has 
led to new achievement through imaginative planning, ef 
fective and extensive teamwork in a worthy enterprise, 
and an ability to compromise when necessary to achieve 
the desired objec live, 

Surely a philosophy which encourages these traits need 
not be confined in the future to the field of technology 


alone 


Sodium Reactor Experiment 


Scheduled to be in operation this year is the Sodium Re 


actor Experiment, a nuclear power plant being built by 
North American 


Energy Commis 


\tomics International, a division of 


Ine \tomu 


\viation, as part ol the 


sion’s program to develop economical power from atom 
energy. Heat 
building) will be converted to electricity in experimental 
by the 


from the nuclear reactor (in background 


installed 
The 


located about 30 miles northwesi of Los Angeles, Calif. 


amounts by generating equipment 


Southern California Edison Company project is 
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f pm SIZE AND NUMBER of — poo 
carbon brushes required tor w 1000 eee 
current-collection systems are usu 2 
ally determined from some arbi ™ | ] ro 
=x 
trary selection of current density in v , 800 | | | _1999 
the brush face. For critical designs ano en 
a OQ , > , Zz 
where limited space requires high si g < 
a. 
surface velocities and high current = < 600 a | 150 i 
densities, such a method has proved x | 
w a } + ; Ww) 
to be inadequat On many of these a0 wy 
Sor m4 
designs, the ultimate capacity ol 3 wy 400 } } } 100 w 
the brushes has been reached and - < = 
, , , <a 
some have exceeded the capacities <0 . 
of certain brush grades << w 200 t i | 500 
Carbon-brush capacity and pet re | | Co 9 
> | 
formance characteristic curves are 8< | ¢) 
the basis for a method ol calcula se % > — 4 1. 3 . S a io” 2 . 1a 0 
tion by which the optimum design aa PERCENT CIRCUMFERENCE COVERED BY CARBON 


constants for current-collection 


systems can be determined. The 


characteristic curves are obtained 


from brush performance tests on 


A Fig 
high-speed, high-temperature com 
mutators driven by variable-voltage 
d-c motors. Measurements of brush 
current, contact drop voltage, coefficient of friction, and 
commutator surface temperatures can be taken under all 
test conditions. This brush-capacity method applies to 
commutator and collector ring designs for either a-c on 
d-c operation. 

srush capacity is defined as the sum of friction and 
contact-drop watts per square inch of brush face at the 
condition of speed and current density which causes the 
brushes to disintegrate into clouds of visible dust. Brush 
capacity 1s a function ol the percentage of the commu 
tator circumference covered by carbon brushes (per-cent 


CAA) 


proa hes a definite 


This function is a logarithmic curve which ap 


capacity limit as percent CCC is 
From this value 
CLAAG 


speeds and high brush-finger pressure, the friction watt 


reduced toward zero the curve drops 


’ 


logarithmically as _ per-cent increases, At high 
age becomes the major portion of the brush capacity 
with only a small portion of the brush capacity lett over 
for contact drop losses. 

The optimum quantity of carbon for a given design ts 
determined by calculating the “relative capacity” as a 


function of per-cent CCC. “Relative capacity” is the 
product of per-cent CCC and the current density corre 


sponding to the per-cent CCC values. The per-cent CCC 


Digest of paper 56-943, recommended by the AIEE Committee on Kotating Machinery 
and approved by the AIEEE Committes Technical Operations for presentation a 
the AIFF Fall General Meeting, Chicag Ill., October 1.5, 1956. Scheduled for pul 
lication in AIFE Power Apparatus and Systems, 1956 


J. G. Withite is with the Westinghouse Electric Corporation, East Pittsburgh, Pa 
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A-CAPACITY OF BRUSH GRADE ‘G” 

B-COLLECTOR CAPACITY, BRUSH GRADE “G* BEGINNING OF 
DUSTING, 10,000 FPM, 5 PSI 

C-BRUSH CURRENT DENSITY FOR CURVE B 


Carbon brush quantity and rating for optimum capacity 


lor which the “relative capacity” is maximum dete 


mines the quantity of carbon brushes for which the 


maxinum brush performance and life may be expected 


Fig. | gives the quantity (per-cent CCC) and rating 


(amperes per SQuale inch) lol Variou finger Pressures 


and for three values of surface velocity 
\ sample design is given tor a | 500-ampere (maximum) 
machine which has a 


6-pole l6oi4-inch diameter com 


mutator running at 10,000-leet-per-minute surface veloc 


ity, and having a brush pressure of 5 pounds per square 
From curve 


inch optimum per-cent CCC ts 5.9 per 


cent and corresponding current density (at the beginning 
of dusting, curve 5) is 160 amperes per square mich 

The brush thickness is 5.9 per cent ol the commutator 
number of brush holder 


circumlerence divided by the 


around the commutator or (59/100) (lb, m)/6 ! 


inch. The current capacity of the commutator per inch 
of length at the brush density of 160 amperes per square 
inch ts equal to the brush thickness times the current 
density times the number of brush arms of like polarity 
or (14) (160) (6/72) 240 amperes per inch of commu 


tator length 
For 1,500 amperes (maximum) the commutator length 


required is 1,500/240 or 614 inches. A standard brush 


nearest this size might be 1% by 2 inches with three 


brushes per arm for a total of 18 brushes for this ma 
curve 6 1s 430 am 


chine. The normal] rating from Fig. | 


peres per square inch, or 750 amperes for this machine 
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Electric Heating in the Home 


5. i 


A comprehensive report is presented on the 
subject of electric heating, from the standpoint 
of both the consumer and the power company. 
Various types of electric heating for the home 


are discussed and compared on a cost basis. 


NEW 


lor home 5 


LOOK 


Practically 


is being given to electric heating 


every electrical utility is 


welcoming the use of electric heating for auxil 
lary and suppleme ntal purposes, such as bathrooms, rec 
reation rooms, etc. An increasing number of utilities are 
actively promoting complete clectric heating 

In some cases, this new look stems from the change in 
daily and seasonal demands being caused by the increased 
But even where 


of au conditioning au conditioning 


is not a factor, complete electric heating is being wel 
comed as 4 means of increasing revenue and broadening 
CT VICE 

\n electrical utility promotes electric 


Cine 


heating to in 


ase revenue electrical utility summarized exhaus 


in these terms any business Wan can under 





Vithout Heating With Heating Per-Cent Lnere ase 





The 


enue by 8249 


average electric-heating customer increases res 


and kilowatt-hour usage by 118%, Yet the 
pe ik demand tncreased by only 764 

This happens to be a system where the kilowatt-hours 
used by the nonheating customer is extremely high, Had 
the usage been around average, the increase created by 
over 500%, 


100% 


electric heating might have been while the 


demand increased by no more than 


The results achieved on another system might be al 
together different but it is clear that electric heating for 
to sell kilowatt-hours that 


homes offers an opportunity 


far exceeds any other prospects 


For estimating kilowatt-hour consumption, there is in 


popular use a formula relating installed capacity to “de 


gree days.” Its most Common form is 


All DD 
AW dik 
7D 


Although this formula will give an approximation of 


the kilowatt-hours needed under average conditions, it 


must be used with care. As with all calculating formulas, 
sted at the AIEE Sen nd Pecifc General 

in 5.29, 1956. Recommended ) ublication by 
and Heat Pumps (East) Sv nmittee AIRE Com 


and Domestic Applications 


Forsyth 
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full consideration must be given to the accuracy of the 


factors used and the tolerance limits permissible, In this 


formula 


AW-HR- 


Estimated annual kilowatt-hour consumption for a nor 


mal heating season under average conditions 


Calculated heating capacity required for design condi 


tions. Remember that certain assumptions are made in 


determining this factor so that it is never an absolute 
quantity 


Degree days per average heating season. One degree day 


is a theoretical measure of the amount of heating re 


quired for one day and is defined as the number of de 
grees between 65 F and the actual mean daily tempera 


ture for a given day; for example, when the mean daily 


temperature is 10 F on a specific day, 55 degree days 


of heating will be required. However, degree day data is 


an illusive factor which must be used with care. It is 


based on the average outside temperature Iwo areas 


having the same average te mperature may vary consider 
ably in their heating requirements; for example, an area 
where the temperature was 10 F for 16 hours and 40 F for 


% hours would have the same average temperature as an 


area where the temperature was 10 F for 8 hours and 40 FI 


for 16 hours. The degree day data would be the same but 


nearly 40° more electricity would be required for the 


first condition than for the second condition. The use 


{ 


f degree day data obtained by adding degree hour data 


gives more reliable estimates and should be used wher 


evel possible 


Femperature difference between inside and outside de 


sign temperature, Usually 70 F is taken as the inside tem 


perature but where it is known that the inside tempera 


ture will be higher, that figure should be used, ‘The 


selection of outside design temperature is a matter of 
judgment and experience, but it ts seldom taken as the 
lowest 


recorded temperature. Generally accepted design 


temperatures for any locality can be obtained from the 
U.S. Weather 


tables such as the one in the 


Bureau or one of the 
NEMA 
Association) or the Westinghouse 
B-S768B) 

Theoretically it should be 24 but, be 
FHA 


using a fac 


many 


National Electrical 


published 
Manufacturers Electric 
Heating Guide 
Correction factor 
cause of the many variables, it is usually less, The 
Federal Housing Administration) has been 
tor of 20 for all installations and NEMA recently pub 


lished 18.5 as a “conservative value,” but neither gives 


full consideration to the large influence exerted by the 
type of equipment and the thermostatic control used. In 
general, the correction factor decreases as the number of 
thermostats used to control a given heating capacity in 
creases. It is always less for equipment that puts the heat 
directly into the room 

The results of extensive tests by several reliable elec 
trical utilities, reported in various publications and sub 
years of with thousands of 


stantiated by experience 


installations, show that a correction factor of 12 is the 


most practical for applications using nonfan-type unit 


heaters with built-in thermostats. For embedded cable 


heating systems, a minimum value of 17 has sometimes 


been used, but most manufacturers have been recom 


mending a value of 20. Twenty is the minimum value 
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that should he sed vy central furnaces and floor fur 


naces 


The correction factor to be used in any area should be 


determined by the local electrical utility with full con 


sideration bein 


No one 


given to the type of equipment installed 


correction tactor can be used for all kinds of 


equipment and all areas. And never should the formula 


v taken as absolutely accurate for even one condition 


The livin 


and ill alwavs deter 


habits of the user are much more important 


min the actual kilowatt-hour 


con umption 


Many different studies show that electric-heating cus 


tomers use more kilowatt-hours: for othe purposes. A 


large Midwestern electric utility recently revealed that 


during June of last year, homes equipped with electric 
kilowatt-hours 
kw-hi 


any alr-con 


heating used more than three times the 


used by their average domestic customers—737 


227 kw-hi 


load 


compared to There was hardly 


ditioning and, according to weather reports, there 


was no need tor heat, so the increase must have come 


from other uses 

important because 
load, Whenevei 
While the 


kitchen. (Heat trom 


Those other uses are extremely, they 


all subtract from the heating i light ts 


turned on, it gives off heat electrig range 1s 


cooking food, it is also heating the 


the water used in a shower or bath warms the bathroom 


DIVERSITY OF DEMAND 


CONSIDERATION must also be given to diversity of de 


mand. Experience has shown that the distribution capac 
isolated house usually needs to 


Where 10 or 


heated homes are served by 


ity required to serve an 


be only 60% of total connected load more 


electrically the same system, 
the installed distribution capacity needs to be only about 
40% of 


the 


total connected load. This is particularly true if 


electric heating equipment consists of individual 


units, each with a built-in thermostat, and the distribu 
tion system is of the current-protected banked-secondary 
type 

It should be remembered, also, that the lowest ambient 
temperature exists when maximum electric heating de 
mands occur. A distribution svstem can often handle 
winter peak electric heating load demands that are two 
or three times as great as the summer peak loads. In one 
system, for example, 10 kw of electric heating is success 


fully kva 


Capac ty 


served with only 15 additional transforme) 


Some electrical utilities have tried to control demand 


by using regulating devices, by raising the end rate block 
or by application of a penalty demand charge. Such steps 
have generally resulted in headaches that far exceed the 


benefits. Those treating electric heating as merely another 


part of the ever growing total domestic load are having 


the most success 


In most cases, clectric heating trebles the annual kilo 


watt usage pel residential customer. It creates demands 


that are no worse than those caused by ranges, water 


heaters, and driers. It can be a profitable load buildes 


Electric heating makes it practically certain that the 


electrical utilitv will get the revenue available from elec 


tric cooking and electric water heating. Heat electrically 
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and everything goes electric—the truly ill-electric” home 


is created 
Electric heating furthers the adequate wiring program 


There is not a single new home using electric heating 


j 


that is not considered adequately wired, The service et 


trance ts 100 amperes or more. Branch circuits are ace 


quate, but more can be added without difhculty when 
| 


nec cle d 


Electric heating strengthens the electrical mdustry. I 


increases the electrical portion of house construction cost 


olive to the electrical 


from less than 24 to around 7%. It 


contractor that share of the building business that for 


merly went to the plumber It increases busine for elec 


trical wholesalers and equipme nt manufacturers, It make 


the electrical industry healthier 


COS! 


Whekever electricity can be purchased tor 1.5¢ pet 


hr or less. electric heating ts competing vith oul at 


l6¢ per gallon. In some case i highes power rate is con 


peting with oil at a lower price 


In making operating cost Comparisons, ¢"Use efhcrencs 


is often overlooked. By “use efficiency” ts meant that pro 


portion of the enerey supplied which is actually used to 


create comfortable surroundings. It is extremely impor 


tant in makine operating cost Comparisons 
all thre 


need it 


\ good electric heating system uses energy avail 


able 


want if 


It supplies comtort where you when you 


I here 


comfort in one or 


is no need to heat the entire house just 


to vet two rooms 


With 


reduce efhiciencs 


i central fuel-burning heater system, combustion 


losses There is also a reduction in el 


ficiency resulting from the inherent characteristics of such 


systems. No matter how much or how little heat is re 


quired, the entire output of the system must be turned 
used will be onl 
fuel. Thi 


etherene' 


on. Often the amount of heat actually 


a small fraction of the energy available in the 
is particularly true on mild days when the “use 


of the combustion system is extremely low 


Operating al large Capacity heating systcem-—even one 


using low-cost tuel—can often be more EX PCTISIVE than 


turning on an electric heater 


However, operating cost alone does not tell the com 


ple te story. Consideration must be given to all factor 


influencing total cost, and any comparison must be made 
on a total-cost basis 


The installation cost of a good electric heating tem 


runs about 50 or 60°, of a comparable combustion heating 


ystem. There is no need to pay for duct work or storage 


space and no chimney 1s required This is of considerable 


interest to builders who are always looking lor ways to 


reduce the cost of a house. Since the initial cost is le 


the interest and depreciation charges are reduced, an im 


portant factor to home owners 


\ vood electric heating system has no moving part 


or caus trouble theretore maintenance cost 


negligible 


Even if the over-all cost is a little higher, the difference 


will be more than offset by the benefits. No other heating 
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system offers the convenience, flexibility, cleanliness, and 
elhiciency available with clectric heating. 


KLOUIPMENT 


Du the kind 


Heat is 


BEST KQUIPMENT for electric heating is 


that will do the best job at the lowest cost 


needed, not to warm the body, but to provide comfort 
able surroundings so that the body will not lose heat too 
rapidly. The human body constantly produces heat. Just 
sitting still, each person generates heat at the rate of 
about 500 Btu per hour (a little over 100 watts) -enough 
heat to bring a quart of water to the boiling point. 

A person walking generates heat at the rate of 750 
stu hour 


per Running, the rate is three or four times 


that amount. The human body is a machine that con- 


verts the energy present in food into work, as the auto- 
And, 


the automobile, the human body generates more 


mobile converts the energy in gasoline into work 
like 
energy than it can use 

What happens to this excess energy? The body throws 
it off as heat to the surrounding air. If it did not, body 
temperature would increase, and it is well known that 
increasing body temperature above 98.6 F is dangerous 

Some heat is given off by convection, the process which 
transfers heat to the air about the body. Some is radiated 
from the body to the walls, furniture, and surroundings 
And, of course, heat is carried away by the evaporation 
ol sweat 


The 


pends upon many factors and their complicated miter 


amount given off by each of these methods de 


relationship 
all the 


known that the body is always generating heat, some of 


Just how the human body adjusts itself to 


Various surroundings is not known, But it ts 


which must be given off 


represented by the equation 


fundamental thermodynamic processes can be 


where 


Metabolism 
Heat 
Phe evaporation heat loss 
The 
The 


the heat produced by the body 


torage, the change in the intrinsic body heat 


radiation heat lost or gained 


convection heat lost or gained 


Che metabolism M is always positive, The storage § 
whether 
stored o1 the body. The 
loss / Both R and C are 


positive when body surface temperature ts above that of 


may be positive or negative depending upon 


heat is being taken away trom 


evaporative is always positive 


the walls and air, and negative when it is below 

\t temperatures which produce comfort and at all 
lower temperatures, the production of sweat is low and 
heat lost by evaporation ts relatively low and relatively 
of the relative humidity of the at 


constant Irrespective 


mosphere Under such conditions, as in the home, the 
heat loss trom the body is related chiefly to the combined 
effect of convection and radiation 

Phe heat lost by radiation depends upon the exposed 
surface of the body, its mean surface temperature and the 
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mean surface temperature of the surroundings. The ther- 
modynamic relationships are similar to those encountered 
in determining heat losses from copper wires and othe: 
electrical apparatus 

The heat lost by convection depends upon the tem- 
perature differences between the surface of the body and 
the surrounding air, the shape and size of the body, and 
the rate of air motion over the body. 


Ihese various heat losses supplement each other, and 


complicated controls within the body function to keep 


the equation in balance whenever there is a change in 
surroundings. 

When a person is comfortable, excess heat will be car- 
ried away in about this proportion: 1/5 by evaporation 
of moisture from the skin; 2/5 by convection to the air 
moving around a person; and 2/5 by radiation to the 
surroundings. Under these conditions, the human sys- 
tem will be balanced. The temperature of the surround. 
ings will be between 65 and 85 F. Usually 70 F is con- 
sidered the ideal temperature. 

When the surroundings change, complicated controls 
within the body make readjustments in an effort to bal- 
ance heat losses to fit the surroundings. The body tem- 
perature remains the same 98.6 E, and a person feels hot 
or cold depending upon his surroundings. 

If the air temperature goes down, a person's heat loss 
by convection increases, If the person is standing neat 
a cold window or cold wall, heat loss by radiation in- 
creases. In either case, he feels cold because heat loss bal- 
ance has been changed and his body tends to lose heat 
more rapidly 

The quickest way to feel warm is to restore the balance 
by standing in front of a heat source which supplies radi- 
ation. One may feel warm in the sunshine even though 
the ground is covered with snow and the temperature is 
below freezing, because the heat received by radiation 
from the sun compensates for the greater amount of heat 
lost by convection to the cold ain 

If a person receives radiation when the temperature is 
about 70 F, he feels too warm. Because the body is re 
ceiving heat on one side, the amount of heat given off by 
radiation is reduced by one-half. Usually the convection 
cannot be increased, so the body increases its evaporation 
to restore the balance 

Normally, for comfort, heat is not supplied to the 
body. The surroundings are heated so that the body will 
not lose heat too rapidly. Any great change in the rela- 
tionship between convection, radiation, and evaporation 
is undesirable 

For the average human indoors, comfort will be ob 
tained when the air and walls are about the same tem 
perature and air movement is not too rapid. Theoreti- 
cally, it makes little difference how one creates these 
conditions; one can heat the ceiling or wall and let them 
heat the 


walls. When comfort exists, the temperature will be about 


the air or one can heat the air and let it heat 


70 F. Practical considerations determine the type of heat 
ing system that will be used 

Since practical considerations dominate, electric heat 
ing is growing, because it offers conveniences and flexi- 
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bility No 


removing 


i 


which cannot be obtained in any other way 


labor is required as with shoveling coal on 


ashes. No storage space is needed for fuel and there is 
no danger from open flame or explosive substances. No 
oxygen is taken from the air and obnoxious gases are not 


produced, 


METHODS 


ELECTRIC HEATING METHODS can be elassified into seven 


basic ty pes 


Central warm-air systems 


2. Central 


Q 


}. Off-peak systems 


wet systems 
1. Heat pump systems 
5. Panel heating systems 
6. Floor furnaces 


7. Unit heater systems 


The 


those methods which employ a 


classification “central warm-air systems applies to 


central furnace and de 


liver warm air through ducts to the various areas where 


the heat is needed 
Central wet systems are those which employ pipes and 


filled 
the heat 


some torm of radiator with either steam or hot 


water for delivering from an electric boiler to 


the location where it is used 


Oll-peak heaters include all storage type of heaters 


which require no electricity input during certain times of 


the day. They are, of necessity, a variation ol the first two 


methods because they require either ducts or pipes to ce 


liver the heat from the place where it is generated on 


stored to the place where it is wanted; however, the 


ofl-peak 


them. 


characteristics of heaters warrant a separate 
classification for 
Ihe heat pump ts interesting because both heating and 


llow 


as with the off-peak heaters, the heat pump needs 


cooling can be provided by the same equipment 


evel 


air ducts or pipes to distribute the heat. Theretore, it 


must be considered as another turnace when it ts used 


for heating 


Panel heating systems tnclude all those methods which 


the the floor, the walls, or other large areas 


I he sé 


heating 


heat ceiling, 


have been greatly misnamed “radiant 


Lhe 


only 


SVSLEINIS 


systems temperature has to so low 


for comtort that a small portion of the ‘ s «lis 


sipated by radiation. In tact, the panels become merels 


convectors 
which 


warm ; level 


Floor furnaces include those devices reces 


neath the floor and discharge with 


floor or through registers in wall 


Unit heater svstems include all types ol heaters which 


unit in designed to heat one room in 


Many 


Some employ fans and others must de pend upon natura 


are a themselves, 


dependent of all other rooms kinds are available 





t 


0.5) KW 





EXPOSED WINDOW AND DOOR AREA squore feet 


A. 


+ 








20 40 80 120 


FLOOR AREA square feet 


100 140 160 180 


Fig. 1 
inch insulation on walls.) 
1957 
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Electric heating capacity required, where outside temperature is 10 F 


200 220 240 260 280 
Add 20 if three walls are exposed. 


300 320 340 360 380 400 


Deduct 20% if only one wall is exposed 


(For single-story house, single glass, 4-inch insulation on ceiling, 2 
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thermal currents to keep the air circulating throughout 


the room 


In choosing a practical electric heating method, there 


10 practical considerations which need to be com 


pared, Table [sho how the seven classifications of 


cloctrh heatin method COM pare ith each othe oO 


these con ideration 





Table 1. Comparison of Heating Methods 


m- 


Wea 
Heater 


Central 

Furnaces 
Unit 

Sy stems 





Phius to indicate 
which electric heating method is the most popular, Num 
ber | 


ranks lowest 


comparison used arbitrary numbers 


indicates that it ranks highest; number 7, that it 


lead 


of simple heating can be obtained at low cost. However, 


On first cost, floor furnaces may because a form 


they tend to heat the area locally just as old-fashioned 


toves did. This is particularly true where low tempera 


tures are encountered, If systems furnishing equal com 


fort are compared, the floor furnace soon loses its first 
place on this point to unit heaters 

Pheoretically, the heat pump needs less than half the 
electric energy required by resistance heaters and, there 
fore, it has been ranked first in kilowatt-hour cost. How 
ever, the savings in energy cost do not always offset the 
increased cost of fixed charges and maintenance. That ac 
counts for the que stion mark (?) 

Ot pr ik 


on the 


rated second in kilowatt-hour cost 
olf peak 


rela 


ystems are 


very questionable assumption that the 


enerey charge will be lower, Electric heating 1s a 


tively large load, and it docs not take very many installa 


tion Phis means that 


to make the off y ik thy One ik 
lhicre sec iccordingly 
Also. the 


always olfset the 


Hence the 


ite would have to be thus climu 


nating powel cost advantage 


lowe ! off pt ak 


energy charge does not increased fixed 


chareye ind mamtenance cost question 
mark { ) 

Unit heaters are ranked third because most tests show 
that they usually consume less kilowatt-hours in produc 
comfort than any of the other methods 


Lable I, 


first on all the other points of comparison, Unit heaters 


ing the same 


Going on down note that unit heaters rank 


without moving parts, require little or no maintenance. 


They have long-established reputations for reliability 


For flexibility of use, they are far tn front. They can be 


used anywhere, any time, to provide auxiliary heat or all 
necded 


the heat \ different temperature can be main 


tained in each room, or one room at a time can be heated 
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Unit heaters are the easiest to control because they do 
not have large thermal storage, and each one can have a 


built-in thermostat which responds quickly to small 


changes in room temperature. Individual control is ex 
tremely important because it gives a diversity of power 
demand which cannot be achieved with any other system 


so far known. Good diversity of powel demand ts of 


prime interest to utilities because it means less distribu 
tion capacity needs to be provided 

No true measure of satisfaction exists, because each per 
son has his own tdeas of what he wants. Unit heaters have 
been rated first because most of the people interviewed 
like their carefree, cheery warmth 

Under “Responsibility for results,” unit heaters lead 
\ complete package requiring only simple electrical con 
Installa- 


made by electrical contractors without the 


nections can be supplied by the manufacturen 
tion can be 
tradesmen 
With all the other methods, at least 


assistance of other Responsibility for results 
can be centralized 
two trades are involved. Responsibility for results is di- 
vided 

This point is very important to electrical utilities as 
well as to home owners. If a unit heater should give 
trouble, only part of the house will be without heat and 
the home owner has only to call his electrical contractor 
or dealer for service. Generally, the electrical utility is the 
first thought of the home owner when his electric heat- 
ing system gives trouble. With the centralized responsi- 
bility afforded by unit heaters, the problem is easy. With 


all other systems, the utility might have to act as a referee 


to determine who is re sponsible. 


rhis responsibility for results carries back through the 
sales channels used to get the equipment from the manu- 


facturer to the user. Unit heaters are sold through elec 


trical wholesalers—the same sales channels as used for 


conduit, wire, switches, ete 
The other electric 


heating systems find their way to 


users through various distribution channels. Floor fur 
naces and central warm-air systems are often sold by the 
and central wet systems by the local 


local tinsmith, 


plumber. Panel heating systems sometimes are sold by 
building material dealers and have, in some cases, en 
countered jurisdictional labor disputes between carpen 
ters, plasterers, and clectrical contractors 


Summarizing all these factors, it can be seen why the 
unit heater system is the most popula 

In comparing unit heaters, many people believe that 
a fan-type heater will give off more heat than a nonfan 
type heater. This is not a fact. In electric heating, 1 kw 
produces 3,413 Btu per hour and blowing air across an 
electric heating element cannot gencrate more heat. It 1s 
true that more heat can be obtained trom steam coils by 
moving the air faster because more steam is condensed. 
But the heat output from an electric heater is constant 
| kw produces only 3,413 Btu per hour 

Ihe time required to raise the average temperature of 
the air in any room will be about the same regardless of 
whether a fan-type or a nonfan-type electric heater ts 
used, The difference in time will be within the limits of 
good measuring practice. 
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Heaters circulating warm air by gentle thermal cur 
rents will maintain temperature within 2 F in all parts 
of the room and create a feeling of stable comtort that 
cannot be obtained with other methods. Fan type heaters 
often create harsh drafts and temperature variations up 
to 8 F. Fan-type heaters may be suitable for factories 
but not for homes. 

Nonfan-type units specifically designed to supply some 
radiation for quick warmth and circulation without 
moving parts are the most popular. They probably will 
continue to be the most popular for the many reasons 
mentioned. 

Wall models are used primarily for heating a home 
entirely by electricity, but they can be used for auxiliary 
heating. They come in many different sizes and heating 
Capacities. 

Floor models are primarily used for auxiliary heating, 
but they can also be used for heating a home entirely by 
electricity. They also come in many different sizes and 
heating capacities 

Baseboard models are a special type of unit heater 
‘They replace the ordinary baseboard, providing a stream 
lined installation without sacrificing room space. Room 
interiors can be planned with complete freedom of 
arrangement, Chairs and davenports can be located any 
place. 

Ihe number of heating sections required to provide 
the correct heating capacity are easily fitted together to 
form a continuous unit. The control section contains a 
switch and thermostat which gives individual tempera 
ture control to each room, 

Baseboard models, like other units, can be installed in 
existing rooms or in new construction. No major struc 
tural changes are required. Services of other trades are 
not involved, Responsibility for results is centralized 

With such a wide choice of types and sizes, the correct 
unit can be selected to fit individual requirements. They 
can be used to provide comfort in a single room or 


throughout the entire house. 


HEATING CAPACITY 


REGARDLESS OF THE TYPE of Equipment used, it Is ex 
tremely important that enough heating capacity is 
installed. A house, like the human body, ts constantly 
giving off heat when it is warmer than its surroundings. 
The heat lost must be replaced so that comfortable sun 
roundings will be maintained 

lo reduce the amount of heat lost, the ceiling should 
always be insulated. The savings in heating costs will be 
about one-third in most cases and usually are enough to 
pay the original cost of the insulation within a few 
years. A more even temperature can be obtained through 
out the house, and during the hot summer months the 
house will be cooler 

Heat escapes through glass very casily and also gets out 
through all cracks and openings. Storm windows and 
storm doors will reduce such heat losses by about 50° 

The minimum insulation should be the equivalent of 


4 inches of blown-in mineral wool in the ceiling. Two 
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inch thick batt-type insulation with vapor seal should be 
used in the walls, and storm windows and doors should 
be used where they can be economically justified 

For a specific design condition, the heating capacity to 
be installed will always be the same regardless of the heat 
ing system used. Remember, heat 1s supplied to maintain 
comtortable surroundings, not to heat the body 

Determination of heating capacity required ts really 
quite simple. It ts like determining electric current flow 


using Olim’s law, only the terms are diflerent. 


KW = WA (T, —T,) 


where 

AW Heating capacity needed, It is equal to total heat lost under 
design conditions 

WV Heat transmission coefficient in watts per square foot per ce 
ree temperature ditterence. This is referred to as the { 
factor in heating terms. You need only remember that $415 
jtue per hour equals | kilowatt to convert trom one to the 
other. Generally acee pted values tor the “lt factor can be ob 
tained from the ASHAEI American Society of Heating and 
Air-Conditioning Engineers) Guide or from any of the other 


tabulations available, such as those in the NEMA Manual 


1 Area in square feet of surface through which heat is being 
lost 
I Insicte temperature (usually 70 fF) 
i 
7 Outside design temperature 
0 


In practice, the heat lost through each surface exposed 
to a colder temperature is calculated by substituting the 
proper data in this formula. A similar formula is used to 
determine the heat requirements due to infiltration, The 
individual values are added to get the total heat lost from 
a single room. The various room values are added to get 
the total heating capacity required tor the house 

As with all calculations, tolerance limits must be con 
sidered, Generally, heating capacity determinations which 
are within 10°, of each other are considered equal, For 
any one room, experience has shown that calculations 
within 500 watts have proved accurate enough. Where 
heating capacity installed in one room might be less than 
calculated, additional capacity should be used in another 
room to bring the total within design tolerance. Over 
sizing is definitely better than undersizing 

There have been developed several simplified caleulat 
ing methods, using this fundamental formula as a base 
Some use slide rules and some use charts 

Ihe charts in the Westinghouse Electric Heating 
Guide, one of which is shown in Fig. |, make it casy to 
determine heating capacity requirements after the floor 
area and window area are known. A number of utilitice 
have adopted these charts as standard for their area 

It is of primary importance that sufficient heating 
capacity is installed. Insufficient capacity will only lead 
to complaints and dissatisfied users 

Normally, electric heating 1s sold and installed by elec 
trical contractors. They are logical sales outlets for elec 
tric heating. Builders look to them for electrical wiring 
and equipment Home owners look to them for wiring 
changes that may be necessary 

Electric heating for homes offers a challenging oppor 


tunity—a truly golden opportunity for a bright future 
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Digital Computers Can Aid Utilities 


J. MAGINNISS 
MEMBER AIEEF 


Some of the more common applications of digital solution time of the problem. We frequently read of 
computers in the electrical utility field are dis- problems whose preparation required thousands of man- 
cussed. The emphasis is placed not only on their hours as contrasted with tens or hundreds of machine 
present-day uses, but also on their possible solution-hours. With this sort of situation, the person 
future utilization. nel problem assumes great importance. It is essential that 

we apply very high grade talent to programming for these 


machines so that we can take full advantage of their great 
URING THE PAST’ YEAR or so, many of the 5 5 
speed Capac ity and accuracy. 
electrical utility companies have been seeking , 


ways and means to make use ol automatic digital SPEEDING UP PRESENT CALCULATIONS 


computers for the solution of their engineering problems 
DHE FIRST THING One would think of if a new tool such 
\ number of them have been using punched-card equip 
as a digital computer were available to him would prob- 
mentin their billing and other financial and accounting 
ably be its application to the jobs he is now doing. If 
operations, and would like to apply the experience gained 
computers are fast, if they have great capacity, and op- 
there to their engineering work 
, Pees erate without errors, let us apply them to some of the 
Phe first question to be answered is “What is a digital 
? tedious jobs which now are being done manually. Often 
computer Stated simply, the digital computer combines Fe. ; 
we are faced with statistical jobs whose arithmetic is very 
the abilities of an arithmetic machine and a device for 
uncomplicated but where large amounts of data must be 
making logical decisions. First, then, it can count, This : 
processed, Such jobs might include load forecasting o1 
differentiates it from the more familiar analog machines 


probability studies, to estimate reserve requirements, 


the ac and d-c network analyzers, the transient ana ; : 
These problems do not require high-powered mathe- 
lyvers, and the dillerential analyzers—in. all of which 2 ; 
matics, but they are tedious and the hand calculator will 
quantities are measured, The digital computer not only 
surely make many errors in every such study she does. 
can count, but also can count extremely rapidly and with 
Heat-balance calculations are another example and 
ilmost no errors, It can remember thousands or even mil : 
there are surely many electric circuit problems and 
lions Of numbers and find any one of these, and operate 
other small calculations which must be performed many 
on it arithmetically in a very short time. But still more ; or) } 
times. In all these cases the mathematics is simple. Some- 
Hiportant i can make logical decisions. Based on the 
times we have to look up data from charts or in tabular 
ive of a number, or the relative magnitudes of two num 
form, but this is something we can teach the machine to 
bers, the machine will follow one or the other of two 
do. Certainly one way to find out how computers aid us 
pecified courses of action Phe computer is some what 
is by making use of them to speed up and improve the 
inalogous to a very logical human being with a desk cal 
engineering calculations we are now doing every day. 
culator and volumes of data, who 1s s¢ tting out to do a 


long tedious calculation, The major distinctions are the BETTER METHODS OF SOLVING PROBLEMS 


greater speed and error-free operation of the digital 
FOR AN EXAMPLE of how some electrical utility compa- 
OUuiputel 
| nies are branching out into the application ol automat 
It is not necessary to be a comptometer Operator to 
digital computers to engineering problems now being 
make good use olf a digital computer tor engineering 
, done with other tools, let us turn to what would normally 
work The engineer must only be able to prepare a flow 
be a-c network analyzer applications, Many years ago, be 
chart or logical dese ription ol the proble m he wishes com 
lore digital computers had advanced to the point of being 
puted, and a programmer v rsed in the language of com 
even semiautomatic, some forward-looking electrical en 
puters will be able to write out detailed instructions for 
! gineers were foreseeing the possibility ol carrying out sys 
the problem solution 
tem-load flow studies by digital means. Techniques which 
It should be emphasized that mere possession of an au 
seem cruc now im view ot our present equipment were 
tomatic digital computer does not endow one with super 
developed. Naturally, time comparison and economic 
natural powers. Problems must still be programmed 
comparison with existing network analyzer techniques 
coded, and debugged and very frequently the time for 
‘ were not very favorable, but with the continued develop 
these operations ts far greater than the total machine er 
ment of the high-speed automatic computer, digital 
methods now look very promising. You will hear more 
introdu about this type of study as well as the use of these com 
mer ttees 


ht papers wil nade e in a spe puters in the solution of short-circuit studies with com 


plex impedances. 
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The digital computer has been used commonly in the 
determination of loss formula coefhicients. These coefh 
clients substituted into a loss formula allow us to predict 
the kilowatt /*R loss in a power system tor a given con- 
figuration of system loads and system generations. Used 
in conjunction with incremental fuel cost data, schedules 
may be drawn up to allow the dispatcher to operate his 
system most economically at all times 

Calculation of the coefhcients dé pends on a knowledge 
of various characteristic impedances of the power system 
In the past, these impedances have been found by setting 
up a model of the system on the a-c network analyzer and 
making a number of measurements. Now programs are 
available which make it a simple matter to obtain them 
digitally 

Attention also is being given to the digital calculation 
of swing curves previously carried out with the network 
analyzer and swing curve calculator, Some transient prob 
lems previously done on transient analyzers or differential 
analyzers are now being programmed for digital com 
puters and are showing up well both timewise and eco 
nomically. Examples of this are a study of conditions dun 
ing emergency throwover of auxiliary equipment im a 
central station, and a study of the problems associated 
with the rapid shutdown of a nuclear power plant 

It may seem odd to look for a new way to solve a prob 
lem which is already being done very satistactorily by 
standard and well-known techniques. But, in view of the 
tremendous potentialities of the digital computer, we can 
hardly afford to overlook the possibility that they may 
eventually offer us a tremendous advantage with these 


familiar problems 
SOLUTION OF NEW PROBLEMS 


So FAR this discussion has been concerned chiefly with 
the type of engineering calculations which had to be done 


some way whether digital computers were available or 








not. Let us now take a look at a vast new field ¢ 


| prob 
lems—problems we would never have done if it: had 
not been lor the automatic digital computer. These are 
not problems we could not have done; the human being 
can do anything which the digital computer can do, only 
slowel These Are problems which could not be justified 
economically it we had to do them by the old techniques 
We could not have justified the cost of a study to dete: 
mine shalt critical speeds in all multiunmit turbine gen 
erator sets, nor the calculations necessary tor the con 
plete analysis of a steam piping system. There would not 
have been cnough savings to justify system loss studies if 
they had to be done manually. Many of the problems 
arising in the new field ol operations researe h can only be 
uselul because digital computers are available to carry out 
the tremendous number ol calculations necessary lor then 
solution. These and many other problems which we have 
not even thought of vet will bring home to the electrical 
utility engineer the tremendous power and value of thi 


automat computer 
HOW LTOGET STARTED 


PHERE IS NO BETIER WAY to find out what computer 
will do for you than to get out and learn to use them 
More and more, digital computers—small, medium size 
and large—are available on a tee basis at the service bu 
reaus ol computer manufacturers and at othe computing 
centers, Personnel are available to help the neophyte 
learn the ropes Educational facilities are also available 
from computer manutacturers, from some universitt 
and from other sources. Start now to train vout personne! 
to recognize that digital computers can be of value to 
them in the solution of their day-by-day engineering prob 
lems. When the time comes that you think your organiza 
tion can justily a computes for this sort of use, you al 
ready will have built up a backlog of problems whose 


solution by digital computers is Lamiliar to you 





Microfilm “windows” in tabulating cards, used for 
transmitting engineering drawings, are expected to Save 
nearly a half million dollars annually in the U. S. Army 
Signal Corps procurement program, Special machines 
built by the Recordak Corporation are used in the micro 
filming process 

Over 300,000 enginecring drawings have been micro 
filmed at Fort Monmouth, N. J. Positive film prints made 
from the original microfilm negatives, are being mounted 
in the tabbulating aperture cards, They will be distributed 
to various Signal Corps installations for reference in re 
pall and overhaul of signal equipment and for procure 
ment purposes They will be used to make reduced size 
paper prints to use in issuing bids to industry. The new 
system replaces the old costly method of making full-size 
paper reproductions of drawings. Most Signal Corps 
drawings, some dating back to World War I, have been 


converted to microfilm images the size of a match pad 
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Eye Protection in Radar Fields 


W. G. EGAN 


Tests on animals indicate that eyes exposed 

to microwave radiation may develop cataracts. 

The design of protective goggles, utilizing trans- 
parent microwave shielding, is discussed. 


ANY TYPES ol 


cepuuble Lo 


electronic are sus 


helds 


Miput 


equipime nt 


interference trom microwave 


resulting from rectification effects at the 
ol clectrometer tubes or d« amplifiers or from multi 


vibrator triggering. Frequently a meter window in the 


equipment permits casy entry of the radar waves. It ts 


desirable to prevent this entry by means of an optically 
transparent material which is opaque to microwaves 
Such material could be used in protective goggles to 


protect the eyes ol personne! subjected to radar fields 


ince it is known that microwave fields can produc 


cataract of the eye in dogs! and rabbits Furthe 


work emphasize s caution when exposing the eyes to 


microwave radi ition. The use ol coppel or bronze screen 


wire has been uggested “as a protective mcasure This 


personnel hazard becomes particularly important where 


close contact with high-power radars exists as on ships, 


test facilities, tanks, aireraft, and from forward scatte: 


propagation transmitters 


OPTICAL AND MICROWAVE PROPERTY MEASUREMENTS 


MEASUREMENTS WERE MADE of the optical and micro 
wave propertics of various materials. The optical prop 
erty, measured with a spectrophotometer, was the per 
cent transmission of visible light corrected for visual re 
sponse The microwave prope rty was the per cent trans 


mission of three microwave frequencies (5.9, 9.7, and 
18.8 kinc), measured by determining the insertion loss 
when the material being investigated was inserted be 
tween the coupling flanges of two wave guide sections 
The test flanges were located just prior to a tuner sec 
tion terminated in a tuned bolometer section, with both 
sections adjusted to make the voltage standing-wave ratio 


The 
1,000 


the bolometer meas 
Hewlett-Packard model 4/5A 
\ 1,000-cps modulated klystron 


unity power absorbed by was 


ured at cps by a 
bolometer bridge unit 
produced the microwave power, which was fed through 
an attenuator section, an absorption wave meter, and a 
slotted line, with the flange on the load side being used 
for tests. The TE,, mode was used for all measurements. 
Wave guide types RG-50/U, RG-51/U, and RG-56/U 
were used for frequencies of 5.9, 9.7, and 18.8 kme re 
spectively 

The results of the measurements are shown in Table I 
\s expected, good electrical conductivity is essential to 
microwave shielding, whereas this characteristic is not 
generally compatible with high light transmission and 
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other psychological and physiological tactors to be con- 
sidered in the application to protective goggles, Table I 
also shows that the microwave results are rather critically 
dependent on frequency and the thickness of the material 
used. At the higher frequencies, the shielding etlects of 
the film coatings are generally better. The greater the film 
thickness, the better the shielding because the film con- 
ductivity is greater. In general, thin films do not have the 
same volume resistivity or the same shielding properties 
as the bulk metal because of surface effects. It should be 
noted that the microwave attenuation is the result of 
both reflection and absorption of microwave energy by 
the various materials. Thus, the attenuation measured is, 
in part, a function of the mismatch between the imped- 
ance of the wave guide (Table I, last line) and the sur- 


I he d { 


of the surface film resistivity are specified as a guide to 


face impedance of the conducting film, values 


judging the relation to reflection properties, Inasmuch 
as the intrinsic impedance of free space is 377 ohms, the 
attenuation of the various materials in free space will be 


comparable with the values given in ‘Table I 


CONSTRUCTION OF PROTECTIVE GOGGLES 


IN CONSTRUCTING PROTECTIVE GOGGLES, the frame of the 
lenses must be such as to be nonresonant in the range of 
Wire 


wave attenuation and causes a bad optical effect in front 


required effectiveness mesh has a limited micro- 


of the eyes. Also, the attenuation is poorer at higher fre 
quencies. Lead glass used for X-ray protection has low 
microwave attenuation. The Corning heating panel glass 
did not permit clear vision because of the unevenness of 
the surface, although its microwave shielding and meas- 
The 
feasible method found was the use of an evaporated gold 


film 


in Fig. | 


ured optical transmittance were favorable most 
Transmittance curves for two gold films are shown 
\ pair of suitable goggles would have the gold 
film on the lenses and protective wire mesh on the sides, 
The 3.2 per-cent transmission is not too low for outdoor 
work and is permissible for indoor work in well-lighted 
rooms, provided the greenish blue tinge of the gold film 
can be tolerated 

For particular instrumental applications where visual 
acuity is less important, wire mesh or the Corning heat- 
ing panel glass may be more suitable 

Various types of semiconductive plastics were consid- 


ered,’ but the transparent plastics had extremely 


low conductivity, whereas the good conductors were not 


A apecial article recommended for publication by the AIEEE Committee on Electrical 
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transparent Various Ly pes ol undercured plastics are 


conductive, but most are 
W here 


tive, the 


unstable and usually opaque 
conductivity in plastics ts produced by an addi 


transparency is, in general, adversely atlected 
I he type of shielding to be used depends upon the ap 
plication. The use of an evaporated gold film for radat 
protective voverl« 5 appears to be i feasible rie thod ol ap 
plying attenuation to lenses of various curvatures, ‘The 
conductive coating on meter faces also serves as an anti 


Static Coating 





Table lL. Microwave and Optical Properties of Materials 

Optical 
Microwave Transmittance, Per Cent I 
ranemitlance 


Material at 5.9 kine at 9.7 kine at 18.8 kone Per Cent 
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Fig. 1. Spectrophotometric curves. The upper curve is for JOmit evaporated 
gold film on plastic, 24 per cent transmittance, corrected for visual re 
sponse; the lower curve is for 75mu evaporated gold film on glass spec 


tacle lens, 3.2 per cent transmittance, corrected for visual response 


Fuel Injection for Autos 


Gasoline fuel injection for automobiles is an inne 
\Vimerican cal 


Robert 


tion that mav well revoluttonise th 


within the near future Phe West German firm 
Bosch GmbH, has extensive experience i this field, ha 


ing produced its 2. OOO.000th diesel tuel miyection prtirip 


in Stuttgart last year. This fact indicates the tuel myer 


tion principle is a sound, efhicient, and economical engine 


feature of the present and the future in the automotive 


transportation field. In the gasoline fuel injection 


individual cylinders are supplied with identical a 


C,asoline trom 


if 


of fuel, evenly and quickly 


to a pump then is torced directly and evenl 


combustion chambers of the cylinders through 
zles which ine fed by tube s connected with the purnip 
ictual mixing of the fuel and air takes place in 

bustion chamber Thus, the 


Robert Bosch Gmbll ha 


clum carburetor is elimi 


nated rdapted these imnyection 


ystems tor many yea to such field passenger cal 
gasoline engine assenger car diesel engine chesel 


truck ad 1 buise tractors locomotive engine riarine 


engine ind utilitv engines 
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Adjustable- Voltage Drive for the 


Operation of Ore Bridges 


5S. G. SMITH 


The utilization of adjustable-voltage drives in 

ore bridges and unloaders provides a number of 

outstanding advantages. A description is given 

of two new machines employing this type drive 

currently in use at the McLouth Steel Corporation 
plant in Trenton, Mich. 


SHE ADVANTAGES of adjustable-voltage drive for 
ore bridges and unloaders have been provided in 
the operation of all drives, except turntable and 

rail clamps, on two new machines at the Trenton, Mich., 

plant of the McLouth Steel Corporation, Detroit, Mich 

Novel features of each bridge include the use of adjust 

able-voltage control of bridge travel and apron hoist, and 

15,000 


This saving 


an clectrical control system designed to save 


pounds or 4,554 feet of trolley conductor 


was accomplished by reducing the previously required 
(Fig. 1) 
however, still can be operated 


number of sliding conductors from 19 to LO 
ach unloading bridge 
from the usual positions: operator's cab, bridge walkway, 
ind apron hoist house 


Although 


reviously to 
| 


adjustable-voltage drives have been used 


some extent on Dravo Corporation ore 


bucket hold, and 


engineers decided it would be possible to 


bridges and unloaders for bucket close 
trolley drives 
extend thei use with a minimum olf equipment 


The Mclouth (Fig 2) 


signed and built by Dravo Corporation to handle | 


unloading bridges were de 
> gTOSS 


Fach 
with 550 feet 


tons of ore at the rate of 1,054 gross tons per hour 


bridee has an over-all length of 545 feet 
from centerline of pier leo to centerline of shear leg. The 
apron extending ove thre pict leo is hinged 


ol lake 


ipproximately 777 by 350 


to pe Prt 


raising it to clear the superstructure carriers, Ore 


l transtered to i torace vard 
feet, in which ore can be piled 70 feet high 


Phe new facilities are part of an expansion program of 


MeLouth Steel Corporation that included the building of 


one new blast furnace, which requires a million tons per 


year of ore and limestone 


The powel supply for the ore bridges is three phase, 


60 cycle 4100 volts a-c, see Fig. 3. To supply 230 volts 


do constant potential would have required conversion 


from 100 volts a-c to 230 volts d-c. For this reason, the 


possibilities of using a complete adyjustable-voltage sys 


tem and gaining its advantages were investigated 


Adjustable voltage drive uses a d-c shunt-wound motor 
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{djustable 


to drive machinery with a separate d-c generator supply- 
ing power to the armature of the motor, By controlling 
the excitation and polarity of the generator field, the 
voltage applied to the motor armature can be varied; 
thus, the speed and direction of motor rotation can be 
controlled. A large amount of power in the armature loop 
circuit is controlled by a small amount of power in the 
field 


eliminates the need for large contactors and resistors in 


generator shunt This is an advantage because it 


the motor armature circuit. 


ADDITIONAL ADVANTAGES 


OTHER ADVANTAGES in using adjustable-voltage drives 


instead of constant potential are as follows: 


|. Adjustable voltage completely bridges the gap be- 
tween the 3-phase 60-cycle 2,400-volt a-c voltage supply 


and the 230-volt d-c driving motors. 
9 


Adjustable voltage obtains the economics of high- 
voltage a-c distribution along the ore yard. 


5, During acccleration and deceleration, constant 


torque can be provided on an adjustable-voltage drive. If 
the torque limit is set to 150 per cent of the motor’s self- 
ventilated |-hour rated torque, then the maximum torque 
imposed on the cables and gears will not exceed 150 per 


cent. To obtain the same average rate of acceleration 


with a constant-potential drive, the necessary peaks 


would be 200 or 225 per cent of the motor rating. Gears 
must be selected to take care of the peak torques and may 
be heavier and more expensive when the peak torques 
are higher 

1. In many cases it is possible to use a smaller frame 
size motor with adjustable voltage than is the case with 
Shunt-wound mill 


constant potential operation motors 


rated at 230 volts can be operated with approximately 


120 volts applied to the armature at rate d current. As the 
speed of the motor is approximately proportional to the 
armature voltage, a given size motor can be used to op 


erate at a higher speed and higher horsepower output 


than the name plate rating for 230 volts. The higher 


speed also gives a self-ventilated motor the ability to 
handle an increase in rms current, because of the addi 
tional ventilation that results from operating at the 


higher speed 


\ good example of using a smaller motor was found 
when the apron hoist motor was selected. With adjustable 
voltage, a mill-type motor, Frame No. AISE-606, rated 
9 


811% hp, | hour, 650 rpm at 230 volts d-c was selected, To 


this motor was applied 430 volts; thus, the rating changed 
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from 3114 hp to approximately 59 hp, or an increase ol 


87 per cent. ‘To select a 230-volt d-c motor to operate on 


constant potential would mean the rating would have 


to be near the 59 hp obtainable with adjustable voltage 
LISE-610, is 
hp, | hour, 460 rpm at 230 volts d-« 


\ mill-type motor, Frame No rated 6214 
This motor costs 


than Frame No. AISI 


606 and would result in a weight increase of 1,050 pounds 


approximately 30 per cent more 
In addition, along with the smaller frame motors, it often 
is possible to use smaller brakes with the adjustable-volt 
age system 

With an adjustable-voltage drive, the load division be 


“hold” 


can be adjusted by means of the regulator 


tween and “close” line motors during hoisting 


Chis makes it 
possible for the close line motor to take the same or a 
litthe more load than the hold line motor, thereby keep 


ing the bucket jaws tightly closed 


g During lower a 


iv, 
specd-matching circuit can be arranged to accelerate and 
so that there will 
Both 


switches must be on the same speed points in order for 


decelerate both motors at the same rate 


be no tendency for the bucket to clos master 


this arrangement to operate properly. This provides for 
better performance and better control of the bucket 
Adjustable voltage permits economical operation be 
cause it practically eliminates the power loss in series re 
sistors during acceleration, thus saving power consump 
tion per ton of material handled. Also, the physical di 


mensions and weight of the trolley can be decreased 


because smaller motors and brakes require smaller control 
bank olf 


eliminated, and heavy power contactors are not necessary 


panels. In addition, a large power resistors ts 


The saving in weight of the trolley is also reflected in the 
design of the trolley runway and apron. Possible use of a 
larger bucket is another consideration 

With adjustable-voltage drive, there is less mainte 
nance required for the electric and mechanical equip 
ment that otherwise would be necessary due to torqu 
limit. Smooth rapid acceleration and absence of excessive 
peak loads, along with excellent maneuverability 


he Ip 


keep maintenance costs to a minimum 


TROLLEY CONDUCTORS \ PROBLEM 


ONE OF THE PRINCIPAL PROBLEMS in using adjustable 
Ordi 


narily, several more conductors are required in an adjust 


voltage drive is the number of trolley conductors 


able-voltage system than in a constant-potential system 


This is so because the motor—generator set and its control 
used in connection with the hoist and trolley motions, are 
too large and heavy to be mounted in the trolley control 


house. The motor—generator set ts provided with an en 


closure of its own not only for the set, but also for auxil 


lary equipment that is used in connection with its control 


This house is mounted on the bridge structure and a 


means must be provided to bridge the electric gap be 


tween generator set and the trolley. The only way this 


gap can be closed is through the trolley conductors 
Dravo engineers concluded that all the advantages of 
adjustable voltage could stull be obtained and even ex 


tended to the bridge travel and apron hoist, without 
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Fig. 1. The number of sliding conductors for this type bridge with ad- 


justable-voltage drives was reduced from 19 to 10, saving 15,000 


pounds of conductor material 


adding cxtra weight, sunply by using conductors tor 
more than one purpose 

Phe climination of nine conductors was accomplished 
n groups of three alter analyzing the method of opera 
tion, the functions to be performed in the operator's cab, 
ind those to be pertormed on the bridge walkway. As on 
most bridges, controls are required at both locations. “The 


hold 


controlled only 


fact that the bucket close trolley, and turntable op 


eration necd to be from the operator's 


cab simplified the problem, Two control positions wer 


required however, tor the bridge travel (operator's cab 


and walkway) and the apron hoist (apron hoist house 


iwnd bridge walkway) 


Phe first attack on the problem was to eliminate three 
trolley conductors by using d-c power on the trolley. The 


lights, operator's cab heater, and power to drive the ro 


tating regulator could be operated from direct: current 


as well as alternating current. The lights and operator's 


cab heater work just as efhiciently from direct current as 


from alternating current. The rotating regulator is sim 


ply a small motor—generator set and the generator can be 


driven just as effectively by a d-c motor as an a-c motor 


Second. three more trolley conductors were climinated 
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a A 
Fig. 2. These two combination ore bridge—unioaders feature the use of 
adjustable-voltage drives for nearly all operations. Each can handle 12 


grots tons of ore at 1,054 tons per hour 


foul that 
hold 


of this common conductor 


by using a common return for the generators 


upply power to the trolley, close and constant 
potential equipment, The siz 
was reduced by 


hold 


( lose 


connecting it to the minus side of the 


vyenerator when hoisting, to the plus side of the 


generator when hoisting, to the plus side of the 


trolley generator when traveling in, and to the negative 


ide of the constant-potential generator 
\ further reduction was sought in a common operation 


between trolley and bridge, It was found that there 


would be times when the bridge travel would be operated 


from the trolley or bridge walkway, but there would be 


no advantage to being able to move the trolley during 


bridge travel. Therefore, the trolley generator could be 


used to serve both the trolley movement and the bridge 


travel transter ol control trom 


\\ hile 


master switch could be used tor two purposes as 


I his required merely a 


trolley to bridge movement doing this, the trolles 


a trolley 


master and a it bridve master Thus, two master switches 


could be climinated, one normally used to control the 


pier leg truck motors and the other to control the shear 


ley truck motors. This changeover ts performed in the 
selector switch 
knd—Shear End 


lrolley,” any connec 


operators cab by means of a 
Lrolley 


selector 


| point 
Pie 


switch is set on 


marked 
When the 


tion be tween trolle \ and bridge 


Both Ends 


is broken and the maste 


switch is used tor trolley operation only 


Conventionally, a bridge ts operated trom the opera 


tors cab by means of two master switches, one for the 
pier end and one tor the shear end of the bridge. ‘Thus, 
it is possible to operat the bridge ends 


Such 


ince pe ndently o1 


imultancousls operation normally four 
Three 
MeLouth ore 


tween trolley and bridge 


requires 


trolley conductors of these conductors were elimi 


nated on the bridge leaving only one be. 


UNIOUR ELECTRICAL CIRCUTI 


Duk ELIMINATION of these three conductors and use of 


one collector to pertorm three functions ts unique in its 


operation The system consists olf the f-point selector 


180 So th 
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Fig. 3. A section of the motor—generator set supplying adjustable voltage 
to operate the bridge is shown at the right in this view of the ma- 


chinery house interior. 


Rectox 


operate on hall-wave rectified 60-cycle voltage 


switch, four rectifier units, and two relays that 


Iwo recti 
fiers are mounted on 


a panel in the trolley machinery 


house. The two relays and the other two rectifier units are 
mounted on a panel in the motor—generator machinery 
One 
lhe 


line. 


house. The powel supply is 220 volts, 60 cycles a-« 


collector is required between bridge and trolley 


common collector is in the other side of the a- 


Fig. | shows the system 

With the selector switch set on “Trolley” the ope ration 
is conventional, and the contactors ol the switch are 
Thus, relays PCR and SCR cannot be energized 


“Both 


Ope 1) 


When the selector switch is set on Ends,” the 


SUPPLY POWER 
220 VOLTS 6OCYCLE AC 


TROLLEY COMMON 
COLLECTOR 


RE TOXx 


Or 
@ 


+ ' TROLLEY 
CONTROL 
COLLECTOR SELECTOR 
SWITCH 
LOCATED ON PANEL 


IN MACHINERY HOUSE REC TOX 





Fig. 4. Pier and shear leg control circuit permits operating each inde- 
pendently or together through a 4-position selector switch and common 


conductor, using double rectification of a-c power for circuit selection, 


ELECTRICAL ENGINEERING 





trolley master switch operates as a bridge master, Any 


movement of this master causes both ends of the bridge 


to move simultaneously. When the selector switch is set 


this way, one side of the a-c line passes from the bridge 


through the common collector to the trolley and through 
the selector switch back to the bridge by means of the 
trolley conductor 
both the pier (PCR) and shear (SCR) leg relays 

When the selector switch is set on “Pier Ends,” the a- 
circuit is completed through a rectifier between the com 
mon collector and trolley collector. This permits a hall 
wave rectified voltage to pass through the selector switch, 
and back to the bridge by means of the trolley conduc 


tor. This rectified voltage feeds two rectifiers in parallel 


This completes the circuit to operate 


circuits, one with a relay tor the pier leg and the other 
with a relay for the shear leg. The shear-end rectifier op 
poses the rectified voltage so that the relay in series with 
it is not energized, Only the pier-end relay is energized, 
so that the circuit iy set up to permit the master switch to 
become a pier-end bridge master switch 

When the selector switch is set on “Shear End,” the 
same type of circuit is set up with the reverse halt-wave 
rectified voltage, which can energize only the shear-end 
relay 

This elimination of 71% tons of trolley conductor and 
other electric equipment has resulted in substantial sav 
ings both in the construction of the ore bridge and in its 


use, without sacrificing Operating convenience and speed 





Plant Mortality 


BRENNAN 


Methods currently being used for determining 
equipment life research 
and analyses, much of which cannot readily be 


require extensive 
adapted to solution on electronic computers. The 
proposed method, based upon the use of a 
parabolic frequency distribution of 


eliminates most of the research and provides for 


failures, 


solution on either desk calculators or digital 
machines. 


ROBLEMS IN 


usually 


ENGINEERING 


require an estimate ol the 


LCONOMICS 
average lile ex 
pectancy of equipment, Past experience is a guide in 
forecasting life, but as technological progress cannot be 
predicted with great accuracy, it may be wastelul to spend 
iccumulation of data solely 


much time and money on the 


for the purpose of applying actuarial methods in- the 


study ol equipment life. Furthermore, the variability of 


past experienc data may not justify extensive inalysis 
for this purpose 

The re 1s propose d he rein a mie thod simpler ol ipplica 
tion than most other techniques currently employed in 
life analyses. The simplification is achieved by the uss 


This 


readily 


of a parabolic frequency distribution of failures 


permits the employment, as raw data, ol the 


available accounting record of yearly additions and fail 


ures (retirements) expressed as dollars or units. The 


failures are taken as reported yearly, without segregation 


as to age at time of failure 


AIFF ¢ 


mmittee 
Genetatio 
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The accuracy of the method ts still acceptable when 
applied to data whose frequency distribution of failure 
diverges from the assumed form, provided the divergenc 


is Hol CXLrCcTNeE 


DEVELOPMENT OF METHOD 


LeT THE FREQUENCY DENSITY FUNCTION of failures be 


defined by 
\ 


where x is the age at time of 


failure, f(x) Ax ts 
and ‘ \n 


tion of pl int failing between ages x 


satishies the conditions 


m 1s the maximum Iife 


I he ‘¢ 


where 


conditions ipplied in equation | 


Consider now the tailures in year k& from the installations 


A, made in year t. Their average age will be (/ sh. £4) 
years and, applying equation |, we may express the num 


ber of failures as 


Acf th d | (3) 


where 


Plant Mortality 





I ne 


failing at all ages, irom all plant previously placed; that is 


total failures /. in year k will. be the sum of those 


‘A 
hy DY As alk a)* (4) 


t 1 


The total failures of year (k 1) may be written 


Fors) = Qy « + bth a)* (5) 


Expanding equations 4 and 5 and taking the difference 
we find 


Fy Fux 


kJ 
a > A 


i=l 


i 


AF, al, V; (8) 


Vb 
From equation 8 it is seen that the data of each year give 


an estimate of a. The least squares estimate is given by 


Performing the differentiation and collecting terms we 


have 


2v 


which isa biquadi tic equation in m Va that is, 


Phis equation can be solved readily by Horner's method, 


or a satistactor’s graphical solution can be mace by plot 


ting and finding the point of intersection of 


pln 
Mm) 


With a estimated, the survivor ratio curve may be derived 


from equation 2 For unit radix, the survivor ratio at age 


x is one less the total of reurements from 0 to x, That is, 


(11) 


Brennan 


Plant Mortality 


Other statistics of interest are estimated as lollows: 


w 


Mean life x = | af(x)dx = 
{ 


-.. 6 
Y a 


Ww 


3 
( )? fix)dx = 
W I, x x)* flx)dx 10a 


Variance of mean life 


Relative dispersion = 


w 


Life expectancy at ageh EF), y( «dx (15) 


wh) . 


Sinking fund depreciation annuity rates are readily 


derived from equation 11. 


IESIS 


VARIOUS TESTS were designed to determine how close an 
approximation this method will give for plant data hav- 
ing a known mean life, but with failure dispersion pat- 
terns differing from the assumed parabolic form. Of these 


tests, we will cite three in which “synthetic” data were 
first built up from given frequency curves. For all three 
tests, the same set of plant installations was used, ‘I hese 
installations were assumed to be 1,000 units in the first 
year and random numbers between 100 and 300 for suc- 
ceeding years. Failures were then calculated to follow 
three separate curves! all giving a known mean life of 
5.00 years. The curves are described as the $2 symmetrical 
curve, the R2 right modal (negative skewness) , and the 
L.2 left modal (positive skewness) curve. 


The plant installations and the computed failures are 





Failures 
Plant 
Installed S2 Curve R2 Curve L2 Curve 
1000 
103 
284 
285 
142 
143 





The 
and the coefhicients of a and its powers, as shown in equa- 
The 


The derived mean lives are 


method described was then applied to these data 


tion 10, were computed roots were located by the 


graphic process described 





Estimated Error 


Mean Life Per Cent of True x 
1.60 
10 


a0 





These results are well within the tolerances of practi- 


cal applications. 
APPLICATION TO WATT-HOlI 


R METERS 


watt-hour 
The 


electrical 


to electric 
26.1 


this method 
life of 


data, from the accounting records of a large 


AN APPLICATION of 


meter data yielded a mean years raw 
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utility, consist of a list of additions and retirements, in 





dollars, for years 1920 through 1953, as shown in Table | 
For the plant balance at the beginning of year 1920, the 
average age was estimated and the amount, adjusted to 
give the estimated failures shown for years 1910 through 
1919, was set back to 1909 and considered as an addition 
in that year. 

The information on Table I was processed in an IBM 
604 machine. The numerical values of U and V, as de 


fined in equations 7, were derived for each year, as wert 


the squares and cross-products needed for equation 10. In 


order to smooth out the failure data, 5-year moving aver 
ages were first computed and these were used in the deter 


mination of U, V, ete 


v 
4 


For this application the experience of the 5-year “band” 
1946-1950 was employed by taking for the / limits in the 
summations of equation 10 the ¢ values for 19146 through 
1950. (In this case the t's were the actual years less 1900.) 














Table I, Watt-Hour Meters 


AGE, YEARS 
Fig. 1. Mortality curve for watt-hour meters, based on experience of 


Gross Failures 1946-50, inclusive. Mean life: 26.1 years. 
Additions (Retirements) 


in dollars in dollars 


(0000's omitted) (000's omitted) 


The survivor curve equation, I], becomes 


= | O.OOLLOL x + 0.0000140605 x 


As a check, the mean life may be computed trom the 
survivor equation It is convenient to EXpress the equa 
tion in terms of a radix of 1,000 units by multiplying 
through by 1,000. The maximum life @ is found by solv 


ing y(@) 0. The mean is then 


| 
yl x dx LOO 


Fig. | shows the survivor curve with 1,000 radix 

One great advantage of this method ts that once thy 
data are proce sed and the summations derived, solutions 
can be race quickly lor any chose i band ol combination 
of bands of years; thus, changing mortality patterns can 
readily be detected \ further advantage 1 that alter 
IBM printed “runs” are made, new yearly data may b 
appended ind new summations derived on desk calcu 
lators 

The method will not give reliable results if ipplied to 


equipment and structures in which no failures ordinarily 





occur in the early years of life, e.g., transmission towers 
The watt-hour meter data led to the equations It has proved quite satisfactory for suc h classes of plant as 
ar an meters, line transformers, overhead conductors, electrical 
5.99665 37.3746 mn 
services, and other types of plant involving fairly large 
O17.254 113,480.31 m + 1.026.585 m*) 
numbers of similar items 
These were plotted and the intersection read as m 
A REFERENCHI 
0.04693 (m \/a). The mean life was calculated by use 


of equation 12 as 
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A Transistorized Multiplex Telegraph Set 


F. D. BIGGAM 
ASSOCIATE MEMBER AIEE 


the transistorized multiplex was designed. Four develop- 
mental models have been constructed and are currently 
undergoing field trials. Fig. | shows comparison data be- 
tween the transistorized and the electronic multiplex. 

soth pombt-contact and junction transistors are ecm 
ployed. Characteristics of point-contact transistors, which 
enable the realization of emitter-to-collector Current gains 
higher than unity, greatly simplify the design of certain 
ol the circuits 

Among the several basic circuits employed to accom 
plish the necessary switching and logic functions is the 


ring distributor, A point-contact transistor is utilized to 





accomplish the necessary sequential switching function 
because of the basic circuit simplicity thereby achieved. 
ELECTRONIC MULTIPLEX _— TRANSISTORIZED MULTIPLEX Slightly over three components per stage, in addition to 
AN/FGC~5 AN/UGC~I(XN-l) 
VOL UME 55 CUFT CU FT 
WEIGHT 1450 LBS. 275 LBS. : 
POWER INPUT 1400 WATTS 75 WATTS ployed in the equipment as a frequency divider. There 
TRANSISTORS fe) 572 are a total of 21 separate ring distributors in the equip- 


TUBES 357 9) ment, each containing three to seven stages, 
GERMANIUM DIODES 33 739 


the transistor, are all that are required, In addition to its 


basic distributor function, the ring distributor is em- 


In addition to the distribution of intelligence, infor- 


fig. 1. Compericon data, telogtaph tenmindl sete. mation must be stored in binary form, This binary stor- 


age of information is accomplished by the use of Eccles- 
Jordan p-n-p junction transistor flip flops. Certain 


switching and timing functions are also accomplished 
ey ASED USAGE of radio teletypewriter com . © B : ? I 


throug e use o cuits ¢ s €. 
munication has widened the demand tor tacilities for gh th tc ts of thi type ; 
Extreme miniaturization was not the primary objective 
multiplexing teletypwriter channels on a single radio cir \ ' ; it] : 
micKaging the cquipme although a significant re- 
cuit, flor cconomy ol frequency spectrum and equipment wall sy dite a ae 
duction in weight and size was achieved. Reliability and 
Many of the potential applications of multiplex require 
serviceability were considered of primary importance, 
smaller and lighter equipment than heretotore available, é 
but consistent with these, miniaturization was desired. 
with unusually high reliability Phe developmental 
All circuit clements are mounted on etched cards, and 
transistorized d-channel time division multiplex equip 
are spaced conservatively 
ment designed to meet this potential demand is fune ri ; hil r , 
P transistor multiptiex, while sti the devclop- 
tionally similar to, and compatible with, the AN/FGC-5 ; nr 
mental stage, has shown promise of providing extremely 
clectronu multiple x which has been in general use SLICE ? 
; high reliability in operating service. Transistor and com- 
1950 on long-haul high-frequency radio circuits, In all 
ponent failures traceable to circuit operation have been 
active clectronic functions such as switching and ampli 
' almost nonexistent. Future field and laboratory tests 
fication, as well as in the power supply, only solid-state 
should provide additional information which will per 
devices are employed. There are no vacuum tubes in the 
' mit more accurate prediction of the ultimate reliability 
set. This equipment Is designed to be an integral part ol , 
to be expected of the equipment 
a time division multiplex system wherein two, three, o ‘ 
\pplication of solid-state devices to the multiplexing 
four start-stop telegraph channels are combined = fon 
function enabling the reduction ol volume and powet! 
transmission over a COM Mon COMMuUnCatION circuit 
requirements, Should provide new applications for the 
DPime-division multiplexing of telegraph circuits is not 
transistor multiplex, What is most important, however, 
new, dating back to belore the turn of the century. The 


is that the expected long life of transistors should provide 


lw 
early multiplex sets were all mechanical units. These 2 
a degree of reliability up to this time unobtainable in 
equipments were succeeded by clectromechanical systems ' a . . 
electronic communication equipment. 
which in turn were replaced by the electronic multiplex 


in general use today. Over 500 of the vacuum-tube sets are » ; 
' 


presently in service throughout the world ' % echnls ne f 
As the result of new design requirements for a multi 


ple x set of minimum size, weight, and power consumption 
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a 1 N ANALOG COMPUTER or differential analyzer 
a beeen for a system of linear differential equa- 
a tions ideally exhibits solutions of the mathematical prob 
a lem. Such performance necessarily can only be approxi- 
ch mated, inasmuch as the networks in an electronic analog 
vie machine are far more complex than the mathematical 
inn problem equations to be solved imply. 

| In order to analyze so complex an electronic system as 

- . a computer systematically, matrix analysis is applied to 
he I determine more precisely the actual performance of the 
a machine. Clearly, an analysis considering all physical 
on | parameters in the computer—while feasible and straight 
id. forward—is unnecessarily involved. This article, there 
- fore, is constrained to approximations which predict the 
its | stability of the computer. 

mm | The basic electronic computer networks consist of 
re multistage electronic amplifiers and primitive dinodes 
ip- that is, capacitors and conductances—or their combina 

tions. These are analyzed and synthesized on a common 
vr. node co-ordinate basis, yielding admittance matrices 
yr which can be partitioned into ideal synthesis and error 
es. submatrices 

in Ihe analysis indicates that although the error magni 
ed tude terms can be minimized by increasing the electronic 

amplifier gains, the stability of the computing networks 
ve is nevertheless significantly influenced by the presence of 
re- these error terms, no matter how small. 
ad As an example, consider the single nth order equation 
He, (a, + aed + + and” + anys d™)x 0 (1) 
. where d — d/dt, which may be programmed in the fol 
lowing way 
Pp d-! 0 0 0 Oo a ¥y ~ 0 

ly 0 d 1 0 0 0 x 0 
m 0 0 d-}l 0 oO x 0 (2) 
he > 8 & 6 d I x 0 
ls a} len ayn a@% a ans} | nel - se 
e} ; 

and synthesized on the computer according to the ideo 
"y graph of Fig. 1. 

g The stability of differential equation | is represented 
nm by the character of the roots of the determinantal equa 
" tion 
eT, a; + asdv 4 + and”! + angi A" AA) 0), (3) 
le Ihe stability of the computing network, however, is 
- determined not by equation 3 of the problem to be 
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Fig. 1. Ideograph of synthesis network according to equa- 
tion 2 


solved, but rather by the character of the roots of the 
determinantal equation for the complete electronic net 
work including the amplifier characteristics. That ts, by 


the determinant of the sum of the synthesis matrix, 


equation 2, and the corresponding computer error matrix, 


and reads 
ALT A+(A +1 + & la A+(A +1) 0 (A) 


in which it should be noted that A( ) ts defined by 
equation 5 

Clearly, the number and character of the roots of equa 
tion 4 including the computer amplifier characteristics 
may deviate markedly from those of the original differen 


’ 


tial equation, given by equation 3 It follows that a math 


ematically stable system of differential equations can, 
nevertheless, lead to a completely unstable synthesis on 
an electronic computer 

lo summarize, the application of matrix methods pro 
vides a powerful method of analysis of electronic analog 
computer networks. The matrix methods are completely 
general, and may be applied to the study of stability of 
computers, and to other problems such as the study of the 
best amplifier characteristics for computer applications, 
the effects of precision of network components, and the 


influence of stray parameters. 
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Speed Control of Induction Motors 
Using Saturable Reactors 


P.L. ALGER 
FELLOW AIRE 


A method of induction motor speed control, uti- 
lizing feedback-controlled saturable reactors in 
series with the motor windings, is described and 
evaluated. Advantages include an inherent abil- 
ity to hold the desired speed, whether or not the 
load requires motor or braking torque. 


PTH THE PROGRESS MADE in the field of au- 
tomation, there is a growing need tor precise and 
stepless control of motor speeds in driving fans, 
pumps, conveyors, and other machines. Usually d-c mo 
tors with field and/or voltage control, or induction mo- 
tors driving the load through eddy current clutches are 
employed for this purpose. In this article, another method 
of induction motor speed control, consisting of the use of 
teedback-controlled saturable reactors in series with the 
motor windings ts considered 
This method does not require a d-c power supply, or 


any commutators or power tubes. Besides an essentially 


standard induction motor, the scheme uses only readily 


The direct current 


920 
> /t 


available reactors and control circuits. 


required tor the control is only | or (per cent) of 


the motor rating, and can readily be supplied from 


amplistats, or equivalent devices, just as in the case of 
the clutch 

Calculated and test data are given, showing that this 
method of speed control allows the speed ol a wound 


rotor induction motor to be set at any desired value be 
tween 100°) forward and 100°, backward, and to be held 
full 


torque trom plus (motoring) to minus (braking), up to 


nearly constant at the set value, over a range of 


the maximum torque value This speed control is ac 


complished by merely turning a small control knob, 
This inherent ability to hold the desired speed, regard 


less of whether the load requires motoring o1 


braking 
torque makes the scheme especially suitable for bridges 
and hoists, and provides characteristics not attainable 
with eddy current clutch drive 

The speed of an induction motor can be maintained 


precisely at any desired value by placing saturable re 


actors in series with the motor windings and holding the 


direct current in the reactors (and, therefore, the motor 


voltage) at the appropriate value with a feedback control 


circuit. For small changes trom tull speed, and when the 
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Saturable Reactors 


Y. H. KU 
FELLOW AIEE 


torque required at low speeds is relatively small, squirrel- 
cage motors may be used, with the reactors in the primary 
circuit. For large changes in speed, and when high torques 
at low speeds are required, wound-rotor motors with sec- 
ondary resistors may be used. The reactors may be placed 
in either the primary or the secondary circuit. In the 
latter case, good performance can be obtained over a wide 
speed range by employing a secondary reactor—resistor 
network. When braking or reversed-torque operation is 
required, two independent primary windings with either 
the same or a different number of poles, controlled by 
independent reactors, may be used. By combinations of 
these schemes, with contactors to change the connections 
when needed, the speed torque performance of a dc 
shunt motor can be substantially duplicated, although 
the induction motor efficiency will usually be lower and 
its heating greater. 


PERFORMANCE CALCULATIONS 


THE FQUIVALENT CrrCUIT of an induction machine is 
shown in Fig. 1. Note that the effective secondary (rotor) 
resistance R,/s is not constant, but varies inversely with 
the slip s. This variation with s applies to all resistances 
in the rotor circuits. In Fig. 2, a saturable reactor is added 
in series with the primary (stator) circuit. In Fig. 3, a 
parallel network of a resistor and a saturable reactor is 


Fig. 2 represents the control 


added in the rotor circuit 
circuit for a squirrel-cage motor, and Fig. 3 that for a 
wound-rotor motor. More complex networks may be used 
to advantage in some cases. 

As a first approximation, the effect of the magnetizing 
may be 


reactance X,, neglected. With the magnetizing 


branch omitted, it makes no difference whether addi- 


tional reactance ts inserted in the stator or the rotor side 
of the equivalent circuit However, it makes a lot of dif 
is inserted in the 


ference whether the external resistance 


stator or the rotor side. A series resistance R, has a larger 
effective resistance R,/s when it is connected in the roto 
circuit, The motor torque in the per-unit system then be- 


comes /,? (R, + R,) 


R, the rotor resistance, and R, the external resistance in 


’s, where /, denotes the rotor current, 


the rotor circuit. The simplified equivalent circuit is 


shown in Fig. 4, where R, represents the total resistance 
in the stator circuit, and X, the total external reactance 
in both the stator and rotor circuits 

Assuming a fixed value of applied voltage E, the volt- 
age applied to the motor will be E minus the drop in the 
external reactance, j/X,. The motor speed and torque 


may then be varied by changing the direct current in the 
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Fig. 1. Equivalent circuit of induction motor 


Fig. 3 


secondary impedance 


Induction motor with saturable reactor in shunt with an external 


saturable reactors, thus changing X,. A performance dia 


gram can be constructed, Fig. 5, by plotting the effective 


rotor resistance R : § the total re 


actance, X (X, +X a... tO 


and for 


against 
constant values ol 


torque, constant current. Both of these sets of 


curves are circles. For a given torque, says 100°, of the 
rated value, /°R is known, and thence R ts found tor a 
110° ol the With 
E, 1, and R known, the circuit gives the corresponding 


chosen current value, say rated value 


value of X. If the speed is to be held at 97' 
nous (s = 0.03), the 
0.03R R 


required value of R, but also it must provide a value of 


of synchro 


necessary value of R, is equal to 


The control network must not only give the 


X, that will make X satisfy the chosen current and torque 
values 

It will be noted that the 100°) torque and 100°, cur 
rent circles do not intersect cach other, since the addition 
ol X, 


of engineering judgment how much increase in the cur 


has lowered the motor power factor, It is a matter 


rent to allow at full-load torque, and whether to restrict 


this increase by adding more resistance in the rotor ch 


cuit, or by saturating the external reactance 


When 


its circle intersects the circle for the desired 


more com 


pletely, or in some other way this allowable cur 
rent is chosen 
torque ata pair of values R, X, Heating limits the allow 
able value of current at high torques, but at low torques 


Rand X 


that will give the most economical design 


there is a good deal of leeway to choos values 


For example, 
when it is desired to provide a torque of only one half 
the rated value or less at low specds, it may be permissible 


merely to increase the reactance X. until the 


current 1s 


reduced to the needed value, whereas to obtain a high 


torque ata low speed it is necessary to provide additional 


rotor circuit resistance 


ALTERNATIVE METHODS OF REACTOR SPEED CONTRO! 


IF A TYPICAL SINGLE-WINDING INDUCTION MOTOR with a 


low resistance secondary, driving a fan, is connected to 


the power system through saturable reactors, the speed 
torque curves that can be obtained are as shown in Fig 
1957 
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Fig. 2. Induction motor with saturable reactor in series with the primary 


circurt. 
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Fig. 4. Simplified equivalent circuit of induction motor with an external 


secondary impedance 


With the 


lows 


reactors tully saturated, the motor torque lol 


urve A, with a high maximum torque and a very 
small full-load slip. I the external reactance ts increased, 
the maximum torque of the motor falls, and the speed at 
which maximum torque occurs rises proportionately so 
that the speed at full-load torque decreases very little, as 
When the 
creased to such a high value that the maximum torque ts 
the ftull-load 


rapidly, and the motor operates on the unstable 


shown by Curve B primary reactance is in 


less than torque the motor speed falls 


side of 
the torque curve, as shown by Curve C 

Even though stable operation may be secured with this 
feedback 


at low speeds will be unsatistae 


arrangement, by means of control, the pet 


formance of the motor 


tory, because the reactors required for control are larg: 


the motor power factor is always less than 0.7, and a 


highly educated circuit is required for accurate control of 


the speed kor these PCASOTIS, applications such i han 


drives, which require very small slip at the highest torque 
should have the control reactors placed in the secondary 
circuits 


However, the reactor control i 


primary uitable 


quite 
lor such applications as bridges and hoists, which require 
ind which can 


full-load 


system 1s 


high torques at low speeds and braking 


permit a lip ol 10°, or more at torque Ot 


course, the efhciency of the always a little less 


than the ratio of the operating speed to synchronous 


speed, just as for any wound-rotor motor, so that thi 


scheme is not suitable for appli ations requiring continu 
ous operation at lov 


specd 


unless the high power losses 
are permissible 


BRIDGE AND HOIST CONTRO! 


JHE REQUIREMENTS lor the motors to operate a bascule 


bridge (Fig. 7) are as lollows 


l. Jn 


smoothly, whatever the ice 


opening the bridge the motor must start 


and snow load, 
Thi torque 


2000, ol 


md come up 
to full speed in 5 or 10 seconds 


shoc h , 


should be 


built up without and more of 


rated 


Reactor 147 


/ 





Fig. 5 


percentage values of T 


Constant-torque and constant-current circle diagrams 


borque hould be available, thus giving rapid acceleraton 


’ At tull-load torque the motor should run at 8&5 of 
deliver 


Normally, the tull 


90°) of synchronou and it also should 


speed 


160°) torque at 79 on SO". 


speed 
speed operation may continue lor about 60 seconds, until 


the bridge ha completed B5 or tH ol its travel 


10 or 15° ol its 


§ During the last ; travel, the motor 
hould run at about 10°, 


will 


and lock in without shock 


ol synchronous speed so that 
fully 


During this pe riod, 


the bridge come mto. its open position 


moothtly 
each leat of the bridge presents a large area to the wind, 
and the resulting load on the motors may exceed full-load 
torque, Therelore, to maintain the desired speed in a 
crosswind, the motor on one leal of a two-leat bridge may 


be required to exert 100°) braking torque, while that on 


138 lleer, Au 


Solid-line curves are for indicated 


Dashed curves are for indicated percentage values of |. 


Satu 


the other leat may 


200°, 


require 
motoring torque, 

1. ‘To close the bridge, the 
same procedure is used with 
the motors operating in the 


reversed direction 


The essential requirement 
of holding about 10°), speed 
with a fixed control setting, 
whether the 


brak- 


ing, is met by providing the 


regardless of 
torque is motoring o1 


) 


i-phase motor with a “dual 


windine” having two inde 


pendent circuits with six 
leads brought out, as in the 
case of part-winding starting 
Ihe 


cot 


of squirrel-cage motors 
two half windings are 
nected to the power supply 
through independent sets of 
three single-phase saturable 
reactors, as shown in Fig. 8. 

Four hall-current contae- 
tors are provided for connect 
ing each hall winding to the 
powe) supply ince pendently, 
forward or re- 


with eithe: 


verse rotation, as may be 


called for by the control. 


There are also two ampli 
stats, one tor each set of satu 
able reactors, to supply the 
d-c control current lo con 
trol the speed, the d-c voltave 
supplied by a tachometer on 
the shalt of the motor 1s 
matched against a relerenc 
voltage set by the control 


dial 


the speed and reference volt 


The difference between 
ages 1s applied to the am 


plistats, which deliver cor 


responding direct’ currents 


to the control windings of the two sets of reactors. ‘The 
motor voltage and Lord ue change accordingly, th change 
continuing until the speed voltage matches the reference 
voltage 

lo provide for braking and reversing without losing 
control of the load, the control circuit is arranged so that 
falls 


forward contactor on one of 


whenever the motoring Lorguc below about one 


quarter ol rated value, the 


the half windings drops out, and the correspondit 


r¢ 


1g 
yy 
verse contactor closes, putting the two half windings in 
operation with opposed directions of rotation. If still 


lower torque is required, the current in the reversed 


winding is built up, and that in the forward winding is 
reduced, until the rated 


still 


torque reaches about 20°, of 


value in the overhauling or braking direction. If 


able Reactors ELECTRICAL ENGINEERING 
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Fig. 6. Speed—torque curves for induction motor driving a fan 


actor speed control 


more braking torque is required, the forward contactor 
of the second half winding drops out, and this half wind 


ing is reconnected also in the reversed direction 


PEST RESULTS 


\ 4-POLE WOUND-ROTOR MOTOR Of normal design, rated 
25 hp, 220/440 volts, was tested in accordance with this 


scheme. Fig. 9 shows that when the control was set fon 


1,400 rpm, the motor delivered full-load motoring torque 


(73 foot pounds) at a speed of 1,200 rpm, or an equal 


braking torque at 1,590 rpm. At maximum speed setting 
for 1,800 rpm the speed drop from tull-load braking to 
full-load motoring was 130 rpm, while at the 200 rpm 
setting the drop was 320 rpm. The shift trom both wind 
ings motoring to opposed windings occurred at about 
20°) of tull-load 


vindine to both-windine braking occurred at about the 


torque and the shift) trom opposed 


same torque In the reversed direction 


It is interesting to note that the three phase current 


in each of the half windings remained balanced under all 


conditions ol opel ition, even when thre L\ o windine were 


operating in opposed directions of rotation. This is ex 


plained by the tact that the “through reactance vhich 


linmnits the circulating current transterring powe! bye 


tween the several phrase i qpuil high co that the 


(wo 


windings perform in nearly all respects as if they were 
| 


two independent motors on the same shatt 


The tests were made with the motor windings in \Y 


instead of their normal delta connection, so that thre 


rated voltage and current of the motor were 380 volts and 


37 amperes, respectively Ihe secondary resistor was 0.30 


Fig 7 
bascule bridge. 


Single-leaf 
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ohm, or 0.30 per unit, taking the rotor current base to be 
91 amperes, the equivalent of the 37 amperes full load 
stator current. In shunt with this resistor, there was a 3 
phase reactor with a closed iron circuit, designed to draw 
about one quarter of the total rotor current under locked 
rotor, full voltage conditions, and in. series with each 
phase of this reactor was a resistor of 0.03 per-unit ohm 
With had about 10° 


at rated voltage and torque. The actual drop in full-load 


this arrangement, the motor slip 


c because the 


speed was about I|4 as shown in Fig q 
motor voltage at the full-load torque point was considet 
ably less than the rated value of S80 volts, because of the 
drop in the series reactors 

As Fig. 9 indicates, the motor speed with this arrange 
ment could be set at any desired value trom 1,800 to 

1,800 rpm, and the motor then maintained at this speed 
with a reasonable amount of droop, over the full range 
from maximum motoring torque to maximum braking 
torque 

he primary reactors in this scheme are merely a means 


of varying the motor voltage to obtain the desired torque 


Dual-winding connection for reactor speed control 


it all 


riven by the motor operating on full 


Linnie When the desired torque is le than that 
| 


voltage at the rie 


motor oltave mitist = tye readtucead corre pond 


speed Live 


ingly. If the ratio of the actual torque to the full-voltage 


torque at the ime speed ts the operating voltage 


nd current of the motor will cach be tinne thie 


value taken trom the tull voltage torque ind current 


curve ind the total kva drawn by the motor wall be 


times the kva taken at the same peed ith tull voltag 
impressed 

Thus 
ill be a 


same speed, However under maximum torque conditions 


thre powell factor ol the motor at reduced torque 


times the normal motor power factor at the 
at each speed, the primary reactors will be fully saturated 


and the voltage drop in them then will be relatively 


small. Accordingly, the output obtainable from the motor 
with the reactor control scheme is only slightly less than 
the normal full-voltage value. The effect of the reactors is 
to reduce the power factor and increase the motor heating 
over the light load range, with little sacrifice in perform 
ance at high loads 

By designing the reactors to saturate more or less com 
pletely, or by providing oversized amplistats to supply 


control currents well in excess of normal, or by designing 


Saturable Reactors 
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control. 


Speed—torque curves of dual-winding motor with reactor speed 


the motor for a rated voltage somewhat less than the sys 


tem voltage, thus making an allowance for the voltage 
drop in the reactor, or by a combination of these methods, 
the maximum output and average power factor values can 
be adjusted to suit the requirements in each case most 
effectively 

Fig. 10 shows the calculated speed—torque curve of the 
motors for a proposed bascule bridge. Any combination 
of speed and torque inside the limiting values shown can 


be obtained without difficulty 
SUMMARY 


It HAS BEEN SHOWN that by means of amplistats, feed 
back control circuits, and saturable reactors, a standard 
give 
performance similar to a Ward Leonard Electric Com 
+100 to 


wound-rotor motor can adjustable constant speed 


pany d-c drive, over the complete range trom 
100%, of normal torque. The kva rating of the primary 
reactors required to give this performance is roughly 80°; 
However, differences in 


of the kva rating of the motor 


normal current densities, temperature rises, and methods 
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Fig. 10. Calculated speed—torque curves of motors for proposed bascule 
bridge with reactor speed control. 


of rating for motors and for reactors make an exact state- 
ment of the requirements difficult. 

A noteworthy feature of the dual-winding reactor speed 
control scheme is that it provides automatic braking (by 
“plugging” the motor) to bring the speed down promptly 
to a desired lower value, or to rest, without overshoot; it 
also provides high accelerating torque to bring the motor 
promptly to a desired higher speed. 
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Testing of Electroluminescent Lamps 


 Ku—Saturable 


Lite 


lamps produced by Sylvania Electri 


testing of Panelescent (registered trade mark) 


Products, Inc., as 
shown here, is an integral part ol the quality control pro 
gram tor the redesigned electroluminescent light sources. 
Phe lamps, now made of porcelainized metal instead of 
checked for color, 


the heavier and more fragile glass, are 


uniformity of light, performance, light output, and dur 


ability 
These lamps, which will last at least 30,000 hours o1 


more, can be operated steadily for a full year’s tume at a 


nominal annual cost. An announcement was recently 


made of the production of the 200,000th Panelescent lamp 
by the company’s Lighting Division. 
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Outdoor vs Indoor Steam Electric Stations 


L. K. DEL’HOMME 
FELLOW AIRE 


HE CONTROVERSY over the relative merits of 
aa. and indoor generating stations will probably 
persist for a long time, but for the Houston (Tex.) Light 
ing & Power Company the question has been resolved 
definitely in favor of outdoor plants, ‘This decision is 
based on its own experience in pioneering the develop 
ment of the outdoor design in the Texas Gulf Coast area 

The mild climate of the Houston area, coupled with a 
promised advantage in capital cost, initially focused at 


tention on the outdoor station design. The first step in 


this direction was a 25-mw semi-outdoor extension to an 
indoor plant in 1939, where only the boiler and its in 
duced draft fan were installed outdoors. 

Advances made in the development of outdoor station 
design and of equipment suitable for outdoor application 
permitted installation in 1949 of the company’s first full 
outdoor station. This was the Greens Bayou “A” Station, 
consisting of two 60/66 mw preferred standard units 
This installation has served as the prototype for all sub 
sequent stations, and although improvements and refine 
ments have been made from time to time, the basic out 
door design has remained unchanged 

This design is based on construction of plants in 
multiples of two units with two operating levels. Uhe 
weatherprooted turbine-generators are located on an open 
deck in front of the boilers and are served by one gantry 
between th 


This 


Principal auxil 


crane. A common control room is located 


boilers at the turbine-generator operating floor level 
is the only building in the plant proper 
iaries are located at grade, which is the second operating 


level. There is no basement. Auxiliary transformers and 


2 300- and 


180-volt switchgear are completely outdoors, 


while boiler feed pumps, condensate pumps, and othe 


auxiliaries are more or less protected by the control room 
and operating deck above them 


Full outdoor capacity on the system in 1952 was 282 


mw, or 45.9% (per cent) of total; in 1956 it is 838 mw 


! 
or 65 LY, ol total, consistung of nine generating units 


ranging in size from 66 to 156 mw installed in four sta 
tions; and in 1959 it ts ¢ xpecte d to be 1,306 mw, or 72.8° 
of total. Experience thus far with outdoor-type generating 
station construction and operation has been entirely sat 


isfactory in the Houston area and nothing has been en 


countered which would suggest that the present policy 


should be reversed or even modified 

Capital cost is a major factor to be considered between 
the outdoor and the conventional indoor plant. Since no 
conventional indoor plant has been constructed on the 
Houston system since 1932, comparable actual cost data 


Digest { aper 56-76 Outdoor vs Indo« 
Area,”’ recommended by the AIEE Committe 
the AILE Committee on 
Pacific Ceneral Meeting, San Francis 
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are not available; however, it is estimated that at least 
$10.00 per name plate kw is saved by the full outdoor 
type of construction, with a proportionately smaller sav 
the semi-outdoor This saving results from 


ing tor type 


climination of costly boiler and turbine enclosures and 
basements, from the compact arrangemecnt ol equipme nit 
mad possible by the outdoor design, and trom the more 
convenient working conditions on outdoor construction 


Whik 


struction of an outdoor plant, it is true that equipment 


there is an over-all cost advantage in the con 


suitable for outdoor application is more expensive than 


indoor equipment, This additional cost varies with the 


size of the installation and the degree of weathe rprooting 
required For the Sam Bertron 156 mw (name plate ) unit 
that 


which was completed this year, it is estimated 


weatherproofing of the turbine-generator, motors and 


2 


auxiliary switchgear cost about $0.58, $0.23 and $0.15 per 
kw, respectively, a total of $0.96 per kw 

The chief advantages of outdoor stations frem the 
standpoint of construction are reduction in construction 
time and greater accessibility of the equipment. The con 
struction period is shortened by elimination of the boiler 
and turbine-generator buildings, Location of auxiliary 
Swit he ar and most of the motors in the open permits a 
traveling crane to move the equipment to the site and 
set it directly on the foundation 
Manpower requirements are less tor the outdoor ta 
tion. Four men per shift are required to operate a 2-unit 
gas-fired outdoor plant. For a 4-unit plant the operating 
personnel is increased to seven. In addition, maintenance 
supervisory, and clerical forces and guards are required, 
as in all types of plants 


Because of the reduced manpower requirements, op 


erating costs of outdoor stations tend to be ver than 


those of other stations. A recent survey’ showed that ton 


rating, a tull 


Gcull Coast 


rine tations ol ipproximately the same 


outdoor type gas-fired plant located in the 


area had the lowest total operating cost the second 


est numbes ol employee and was second highe t inp ori 


ol pe ik pel employee Lotal operating cost for thi ta 
1954 wa 


and 0.263 mill 


tion in 1.269 mills per net kwh including fuel 


excluding fuel. The remaining cight sta 


tions appear to be indoor or semi-outdooy plant 


equipped to burn coal. At least one burned fuel oil 
{Uip] 


Operation of outdoor plant on the Houston has been 


satisfactory. In the early installations a number of motor 


failures occurred as the result @ef moisture, but sines 


modern weather protected’ motors became ivailabl no 


trouble attributable to outdoor installation has been ex 


perience d 
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First Principles of Semiconductors 


A. ESCOFFERY 


The reader is introduced to some of the main 
points of semiconductor phenomena. Concepts 
of wave properties of electrons, discrete energy 
levels, free electrons in metals, and band theory 
of solids, show how semiconductors differ from 
metals and insulators. This is followed by a dis- 
cussion of doping to create impurity conduction 
(n and p type), and of the relationship of con- 
ductivity to carrier concentration, life-time, and 
mobility. 


N THE BASIS ot electrical conductivity, solids can 
be broadly classified into metals, semiconductors 
insulators 


and secause of the rapidly growing 


5 
prominence of semiconductors in electronic technology, 
the average engineer has become interested in acquiring a 
greater understanding of semiconductors but his efforts 
are hampered by the esoteric language of the physicist 
It is hoped that this article may be of aid by presenting a 
brict review of some of the main points of semiconductor 
phenomena 

However, in order to obtain a reasonably clear picture 


of semiconductors, it is necessary to invade the field of 


OuTSIOE 


Fig. 1. Potential box 


of a metal. 








solid-state physics and become partially acquainted with 


the band theory of solids. To do so, a review of some of 


the present-day concepts ol the behavior ol clectrons, 


first in individual atoms, then in metals, and finally in 


semiconductors, must be undertaken 


WAVE PROPERTIES OF ELECTRONS 


IN DEALING WITH MATTER of very small dimensions such 
as atoms, clectrons, and protons, modern physics makes it 
possible and even desirable to consider them as wave mo 
fact, be 


tion rather than as particles, Electrons can, in 


diffracted (scattered in definitely determined directions) 
by passing them through thin crystals 
Phe 


its mass and velocity by the De Broglie equation 


h 


“wave length” of a moving electron is related to 


Escoffery 


Semiconductors 


where ht is a very important constant of proportionality 
Thus, for instance, the wave 
energy 
114 million miles per hour) 


known as Planck’s constant. 


length of an electron with one volt of kinetic 


(traveling at a speed of 


would be about 12 x 10 * cm. This is of the same order of 
magnitude as the spacing between atoms in a crystal, and 
explains why electrons can be diffracted, 

Since 


waves, many of the equations involved in their treatment 


electrons can be considered as (mathematical) 
resemble those used in describing familiar examples of 


wave motion such as vibrating strings and oscillating 
electrical circuits, 

Now, it is necessary to define discrete energies. A sys- 
tem that can have any frequency of oscillation, such as a 
spinning wheel, can have any value of energy. But if only 
certain frequencies are permitted, as in the case of a 
violin string fastened at both ends, then only certain 
definite, discrete energies are permitted. In the case of the 
vibrating string, the permitted frequencies are, of course, 
the familiar overtones or harmonics. 

Ihe same considerations apply to electrons in an atom. 
Only certain energy overtones or energy levels are per- 
mitted because, like the violin string, the electrons are 
tied down. The mathematician would say they are sub- 


ject to boundary conditions 
ELECTRONS IN METALS 


FROM CHEMISTRY it is learned that only the outermost 


electrons in an atom determine its chemical valence. In 


discussing the conductivity of solids, only these electrons 


are considered “free,” the rest being bound rather 


strongly to the nucleus, Only the “free” valence electrons 
are capable of conducting an electric current and, there 


fore, only valence electrons shall be considered from now 


on 


In order to study the behavior of these electrons in a 


metal, matters must first be simplified by considering 


these electrons as being confined to a potential held like 


that in Fig. 1. Here O, the potential energy of the elec 


trons outside of the metal, is arbitrarily chosen as zero 


for convenience; inside of the metal, the potential energy 


{ is constant. Because electrons do not ordinarily esc ape 


from a metal, they must have a lower (more negative) 


energy inside than outside. In this simplified model, the 
electrons move in the field, which is regarded as constant 
and equal to zero outside of the metal, and constant and 
equal to A within 

As in the individual 


violin string and in the itom, so 
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Fig. 2. (A) Schematic of electron energy levels in a metal with the po- 
tential field of Fig. 1. in (B) and (C), 


each energy interval is shown for two different temperatures. 


the number of electronic states for 
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Fig. 3. Periodic potential field in a crystalline solid. The circled crosses 
represent atoms. 


too in Fig. | the “boundary restrictions” give rise to a 
discrete energy spectrum. But now there is a difference: 
find 


due to the very large number of atoms, we very 


large number of energy levels, all very close together, 
giving rise to what is known as a quasicontinuous spec 
trum, as indicated schematically in Fig. 2(A). 

In Fig. 
horizontal lines, whereas the empty levels are 
by light lines. 

An examination of Fig. 2(A) reveals that there is a 
sharp transition between the filled and the vacant levels 


2, the occupied levels are indicated by heavy 
indicated 


and, furthermore, that even at the absolute zero of tem 


E(K) 


4 








perature the electrons distributed over a very wide 


range of energy. The reason for the latter follows from 


which 
energy 
given 


what is known as the Pauli exclusion principle, 
states that only one electron can be in a given 


state at one time. Two electrons can occupy a 
energy level but they must have opposite spins 
Once 


fwith opposite spins), 


an energy level is filled by a pair of electrons 


additional electrons must go to 


higher levels. The value of energy OF is called the work 
function of the metal, and it expresses the energy needed 
to liberate an electron from the metal 

if the number of allowed energy levels in each energy 
ifiterval in Fig 2(A) is plotted, the type of energy dis 
2(B) and 2(C) is obtained. At 


electronic 


tribution shown in Figs, 


absolute zero, the maximum level is 


called the 
electrons can have higher energies than the Fermi level, 


energy 


Fermi level; at higher temperatures, some 
as shown in Fig, 2(C). 

In order for an electron to conduct a current, it must 
be accelerated; that is, its energy must be increased. In 
the absence of an applied field, there is no net drift of 


electrons and, hence, no observable current even though 
some electrons are moving about with velocities as high 
as 250,000 miles per hour, 

By means of considerations such as outlined in this 
section, the conductivity of a metal can be expressed by 
an equation relating it directly to its electronic mean 
free path. Since the mean free path decreases as the tem 
scattering of the electron 


perature is raised (due to 


waves by increasing lattice imperfections), the conduc- 


tivity of a metal decreases with increase in temperature, 


as is actually observed in practice 


BAND THEORY OF SOLIDS 


[Hus FAR, in considering the movement of the valence 
electrons in a metal it was assumed that they move in a 


uniform electrostatic field within the crystal (Fig. 1). In 
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Fig. 4. (Left) Energy of a pertectly free electron moving in a uniformly 
constant force field as a function of wave number k. Fig. 5. (Right) (A) 
Energy of an electron as a function of wave number for the periodically 
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fo i - 


all 


- 


varying field of Fig. 3. The gaps in the energy curve give rise to forbid- 
By trans- 
lation of the energy curves into the first tone (C) is obtained from (A). 


den energy regions which are indicated schematically in (8). 
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effect, this is only an approximation. It is known that 
the atoms in a crystal are arranged in a regular array, 
and because of the concentration of a positive charge in 


the nucleus, the electric field would be expected to vary 


and to be strongest in the immediate vicinity of the 


atoms, as indicated schematically in Fig. 3. 


Furthermore, inasmuch as the electrons have wave 
properties, the electron waves would be expected to inter- 
field and to be 
like X 


Therefore, electrons with certain critical ve- 


act with the crystal’s varying electric 
diffracted by 


diffracted 


the lattice atoms just rays are 
locities and directions would be reflected, with the result 
that the corresponding energy states would not exist. It 
will be seen shortly that these nonexistent energy states 
give rise to what is known as forbidden energy regions 
as Shown in Fig. 5(B). 
In the case of a free electron moving in a uniform field, 

the energy is given by the familiar relationship 

muse 

9 


whence, by substitution of the value of v from equation | 


he 
(3) 


2m) 


If 4 is replaced by a reciprocal quantity k, called the 
wave number, and then the relationship between E and 
k is plotted, the energy values fall on a parabola, as 
shown in Fig. 4. This corresponds to the case of a per 
fectly tree electron 
However, when the field in which the clectrons move 
the results corre 


ay A), 


drawn for the one-dimensional case of electrons traveling 


varies from one point to another (Fig. 3), 
spond somewhat to those shown in Fig which is 
in the same crystallographic direction, Wave numbers can 
be assigned for different crystallographic directions, Be 
cause the crystal periodicity may be different in different 
directions, the forbidden gaps in Fig. 5(A) may occur at 
different values of k. This may lead to overlapping bands 
as indicated in Fig. 6(B) 

The significant aspect of Fig. 5(A) is that the allowed 
electronic energy levels lie on a parabolic curve except 
for certain regions (forbidden regions) where, because of 
diffraction effects, these energy values do not exist. Fig, 
5(B) 


values of Fig 


schematically indicates how the allowed 


H(A) fall 


between them, whereas Fig 


energy 


into “bands” with energy gaps 
5(C) illustrates the distribu 
bands within the so-called reduced 


tion of the energy 


zone. The quantity a is one of the dimensions of the 
unit cell crystal 
It must be emphasized that within the allowed bands 


the energy levels are so close together as to be almost con 
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diograms for 
(A), an insulotor; 
(8B) and (C), metals. 
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Fig. 7. Schematic 
diagrams of the en- 


ergy bond structures 





at room temperature 
for germanium and 
for silicon along the 
111 and 100 axes. 


CED WAVE VECTOR A 


tinuous. Nevertheless, they are still separate (discrete) 
and must conform to the Pauli exclusion principle which 
determines how many electrons can occupy each energy 
state. 

Band energy diagrams are very useful for they allow 
explanation of the difference between metals and insula- 
tors. Thus, as shown in Fig. 6(A), the energy gap between 
the highest (full) band and the next higher (empty) band 
in insulators is so large that the electrons cannot be ac- 
celerated across the forbidden region. In the case of 
metals, the bands either overlap as in Fig. 6(B) with 
essentially no forbidden regions, or else the valence band 
is only half filled as shown in Fig. 6(C).? 

It should be noted that the energy contours near the 
center of Fig. 5(C) are circular. In a three-dimensional 
plot they would be spherical. In practice, however, it is 
found that the minimum energy states are not always 
spherical and do not always occur at the center of the re- 
duced zone. Recent experimental and theoretical studies? 
for instance, indicate that the energy bands for germa- 
nium and for silicon are somewhat like that shown in Fig. 
7, and it is probable that the energy band structure of 
many other semiconductors also is quite complicated.** 
The conduction bands in Fig. 7 exhibit several minima 
(which are ellipsoidal rather than spherical), depending 
on the direction of the wave number k. The arrows VT 
and NV T indicate a vertical and a nonvertical transition. 
In the former, the wave number (momentum) remains 
constant; the energy gap, however, is the smallest energy 
distance between bands, as indicated by the nonvertical 
transition. 
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There is another way of viewing the energy band pic 


ture—when the individual atoms (with their permissible 
discrete energy levels) are brought together to form a 
solid, each allowed energy level broadens out into a 
series of levels, so numerous and close together that they 
are practically continuous within each band. This broad- 
ening is due to interaction of the atoms with each other 
as they come closer together. A similar situation occurs 
in other mechanical systems (€.g., in coupled oscillators), 
where the amount of interaction is related to the amount 
of coupling. Thus, the resonant peaks of inductively 
coupled tuned circuits are found to broaden with in 
creased coupling, giving rise to the well-known double 
hump above a certain value of the coupling coefhcient." 
Fig. 8 shows how the discrete electronic energy levels (far 
right-hand side) broaden, overlap, and then split apart to 
form a low-lying band separated from higher bands by a 
large energy gap. Dashed line shows separation at the 
actual atomic spacing.’ 

For this discussion, the most important factor is the 
existence and magnitude of the energy gap between the 
valence and conduction bands. If the gap is large and 
filled, conduction will not be ob 


the valence band is 


served. In metals, the 


the 


bands usually overlap and the 


electrons in valence band can easily be raised to 


higher, empty levels by the application of an electric field. 


IMPURITY LEVELS 


Ir IS NOW EASIER TO UNDERSTAND how the electrical 


properties of semiconductors are explained in terms of 
their energy bands. If the energy gap is small enough, as 
seen in Fig. 6(A), so that electrons can be excited ther 
mally from the lower filled valence band to the upper 
empty conduction band, an intrinsic semiconductor exists 


Now, when an electron moves into the higher band 


(energetically speaking), not only can this electron carry 
a current, but so can the vacancy left behind in the val 
ence band as shown in Fig. 9(A). This vacancy, which acts 


like a positive electronic charge, is called a defect elec 


tron, a positive hole or, more simply, a hole. The con 


cept ol conduction by holes is basic to the modern 


theories of semiconductors 


In most semiconductors, however, the value of the 


energy gap is too large for intrinsic conduction to take 


place at room temperature and the observed conductivi 


ties are explained on the basis of what is known as im 


purity conduction. According to this view impure (or 


extrinsic) semiconductors owe their conductivity to the 


presence ol additional discrete energy levels located with 
in the forbidden energy region. When the impurity levels 
lie close to the top of the (full) valence band as shown in 


Fig. 9(B), they are able to accept electrons from the 


valence band and, therefore, are called acceptor levels 


In this case, the semiconductor is said to be p-type, be 


I he 


free to move 


cause most of the current is carried by positive holes 
holes left behind in the valence band are 
Ihe electrons that moved up into the acceptor levels do 
not, as a rule, conduct because these levels are localized 
and not distributed continuously throughout the crystal 

On the other hand, when the impurity levels lie close 
1957 


FEBRUARY Escoffery 


Fig. 8. 
or election 


Broadening 
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diamond.” & 





Fig. 9. Electronic en- 
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VALENCE 
BAND 


to the bottom of the (empty) conduction band shown in 
Fig. 9(C), 
band wherein 


electrons to the conduction 


I he 


semiconductor 


they will donate 


they will be free to move impurity 


levels are here called donor levels and the 
is termed n-type because most of the current is carried by 
negative charges 

We thus distinguish two types of semiconductors, p 
and n type, respectively. To illustrate how n and p type 
semiconductors can be prepared by suitable doping, con 
sider germanium and silicon, two widely used elements 
from the fourth group of the periodic table of the ele 
ments 


I hese 


to then 


elements have a chemical valency of four due 


four valence electrons, and their atoms tend to 


join together by means of “covalent” bonds. In every co 
valent bond, two electrons are found equally shared by 


the two atoms. Inasmuch as the covalent bond its very 


stable, the electrons are not free to conduct and, there 


fore, under normal conditions the electrical conductivity 


will be low. (As the temperature is increased, however, the 


conductivity increases because clectrons and holes are 


produced in equal numbers whenever a bond breaks.) 

If additional electrons are now introduced into the 
crystal lattice by adding elements trom Group V (such as 
arsenic or phosphorus), the additional energy levels will 


like 


Greatly enhanced conductivity 


those shown in Fig. 9%(C) 


will he 


between the 


be located somewhat 


observed because 


the energy difference donor levels and the 


conduction band is relatively small. of the order of 0.0] 


electron-volts for germanium and of 0.05 for silicon 
These values are small when compared with the room 
temperature energy gap values of approximately 0.065 


lable | 


donor 


for germanium and 1.08 for silicon given in 
Phe additional electrons come 
Thus, 


germanium, there 


from the atoms 


when an arsenic atom is substituted for one of 


is an electron left over which can con 
tribute to the conductivity to an extent dependent on 


how firmly attached it is to the arsenic atom 
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Fig. 10. (Above) Variation of mobility with tempera- 
Fig. 11. 


(Right) Density of charge carriers versus tempera- 


ture for two samples of germanium 
tures for the same germanium samples of Fig. 10. 
The doshed line indicates the density of intrinsic car- 
riers. Fig. 12. (Far right) Conductivity versus tem- 
perature for the same two germanium samples of 


Figs. 10 and 11. 


Similar consideration applies to the preparation of p- 
type germanium or silicon by doping with Group III 


clements, such as boron or aluminum, ‘These atoms, 


which have only three valence electrons, will create holes 
(lack of electrons) in the valence band, introducing accep- 
tor levels within the forbidden as indicated in 


Fig. 9(B) 


When the concentration of impurities in the semicon 


a 
region, 


ductor becomes very large, we find the semiconductor 


becoming metallic in character, It is then said to be 


degenerate. Under such conditions, the number of charge 
carriers 1s practically independent of temperature as in- 


dicated in Fig, 11 


RECOMBINATION, LIFETIME AND MINORITY CARRIERS 


\s pIscUSsED in connection with Fig. 9, carriers are 
created by either intrinsic or extrinsic excitation. But at 
the same time that carriers are being generated (through 
absorption of radiation or by injection through a suitable 
contact, as in a transistor), they also are being destroyed 
through recombination, Under conditions of equilibrium, 
the rates of generation and of recombination are equal, 
and the number of charge carriers will be given in equa 
tion 5 

It has been found that these generation and recombina 
tion rates are related to the so-called mean lifetime of the 
minority carriers, For our purpose, the latter can be con 
sidered as the average length of time that the minority 
carrier exists between generation and recombination. 
Lifetimes in semiconductors depend on the state of per 
fection and of the purity of the crystal. Values as high as 
0.001 to 0.01 seconds have been obtained in high purity 
germanium; the values in silicon and in other semicon 
ductors are lower 

Although direct recombination of holes and electrons 
has been observed in germanium and in silicon, the most 


important recombinations processes in most semiconduc 


tors appeal to be those occurring at the surface and in 


146 Escoffery 


Semiconductors 


HIGHLY COPED GE 

















the bulk by means of recombination centers, or energy 
levels within the forbidden region. These centers may 
consist of lattice imperfections, vacant lattice sites, inter- 
stitial atoms, and impurities. In many cases, a carrier that 
has dropped into such an intermediate energy level will 
be thermally re-excited and released before it recombines 
with a carrier of opposite sign. In such cases, the recom- 
bination center is often called a trap. 


CONDUCTIVITY, MOBILITY, AND CONCENTRATION 


THE ELECTRICAL CONDUCTIVITY of a semiconductor is 
determined both by the number of mobile charge car- 
riers and the facility with which these carriers move un- 
der an applied field. The latter property is called the 
mobility and is defined as the drift velocity per unit field. 

Ihe actual expression for conductivity, o, is given by 

Nein + Pete (4) 
where » and p are the electron and hole concentrations, 
e is the electronic charge, and y,, and p, are the electron 
and hole mobilities, respectively. 

From equation 4 one can see that in order for the con- 
ductivity to increase with temperature, the product of 
concentration and mobility must increase. In practice, it 
is found that the conductivity at first tends to increase 
with rise in temperature, and then at higher tempera 
tures it tends to decrease (illustrated by the sample la- 
belled “pure” in Fig. 12) 

The variation in mobility with temperature for two 
samples of n-type germanium is shown in Fig. 10, while 
the temperature variation of the carrict concentration for 
the same two samples is shown in Fig. 11. The sample 
marked “pure” contained less than 10° charge carriers 
per cm’ at room temperature, or about one conduction 
electron for every 51% billion germanium atoms! The 
other sample was highly doped with arsenic’ '® to about 
8 x 10** carriers per cm.* 
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Fig. 12 illustrates how the conductivity varies with tem 
perature, for the same two samples of Figs. 10 and 11. Be 
cause the number of carriers and the mobility are rela 
tively constant for the impure sample, the conductivity 
is also a constant as a function of temperature, 


With respect to the concentration of electrons and 


holes at any given ternperature, equation 5 states that the 


product of these two quantities is a constant, regardless 
of the purity of the semiconductor: 

; stant J 5 
pn ‘ constan exp ( kT (9) 
where p and n are the hole and electron concentrations, 
n, the intrinsic concentration, T the absolute tempera 
ture, k Boltzmann's constant, and £, the thermal energy 
gap of the forbidden region. The cubed term indicates 
why the number of carriers increases so rapidly with 
temperature, 

Phe conductivity of a semiconductor is given in equa 
tion 4. By means of separate measurements of the con 
ductivity and of the mobilities one obtains values for the 
concentrations n and p. In most semiconductors, the elec 
tron mobility is greater than the hole mobility. Some 
typical values for a number of semiconductors are given 
in Table I. The very high electron mobility of indium 
antimonide, in particular, leads to pronounced magnetic 
effects and a number of technological applications have 


already been proposed for this material.'!? 
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Table 1, Energy Gaps and Mobilities in Semiconductors 


at Room 
n 


electron volts 


Temperature 


om 


per volt-secand 


iy 


per volt-second 








Engineers of the Structures Test Laboratory of North 
American Aviation, Inc., study the effect of simultane 
ously heating and cooling a metal ring simulating a pot 
tion of an aircraft's fuselage. The outside of the ring ts 
heated to about 450 F by the battery of intra-red lamps 
that encircle it, while the inside is cooled to 90 F by cold 
air blown through perforated aluminum tubes. At the 
same time, hydraulic devices pull at the metal to simulate 
stresses that might be encountered in flight. Through the 
maze of tubes and wires runs power tor the lamps, air for 
cooling, and electronic impulses that automatically report 
strain and temperature data to a battery of recording ce 
vices. It takes a man about a week to evaluate data re 


corded in a few minutes of one of these tests 
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Determination of Stray Load Loss in D-C Machines 


R. L 


ASSOCIATI 


SIERON 


MEMBER AIEF 


DRIVE MOTOR 


MACHIINE @¢1| 
INSERTEO 


t{ » 


| 1 


VOLTAGE 


Fig. 1. Circuit dia- 


gram. 


SPECIALLY DEVISED METHOD using the Blon 
A del load-back principle of loss measurement has been 
cmployed to measure the stray load loss in d-c machines 
\n inherently accurate value of the loss is obtained by 
measuring it as two separate components by a method 
which is direct and easy to perform 
If two similar d«< machines are directly coupled to a 
drive motor by a common shaft and their internally gen 


erated clectromotive forces are made equal and opposite 


around a closed loop, then an inserted voltage will cause 


a current to flow around the loop, impeded only by the 
total apparent resistance of the complete armature cn 


cuit of the two machines, This inserted current will pro 
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0.0040 
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D. A. GRANT 


ASSOCIATE MEMBER AIEF 


duce generator action in one machine and motor action 


in the other, as indicated in Fig. |. The two electrome 
chanical conversions cancel each other and the total ma 
chine losses are supplied by the mechanical power trom 
the drive motor plus the electric power inserted in the 
armature loop. The difference between the total power 
supplied to the two machines with and, without the in- 
serted voltage includes only the armature loop resistance 
loss and stray load loss, inasmuch as all other losses are 
specified as constant with constant speed and excitation, 

Results were obtained giving the stray load loss meas- 
(a) the core-loss 
component, 


ured as the two separate components: 
component, (b) the 


This is in agreement with the ASA (American Standards 


and armature-circuit 
Association) code which defines the stray load loss as: 
“Losses due to eddy currents in the copper and addi- 
tional core loss in the iron produced by distortion of the 
flux by load current except that due to 7R drop; and 
short-circuit loss of commutation,” 

Ihis method for determining stray load loss has the ad 
vantage of simplicity, Changes in various parts of the 
armature circuit of a d-c machine, such as armature cop 
per temperature, and brush and brush-contact drop, 
which normally cause difhculties and errors in accurate 
mcasurement, are reduced to a minimum ifn this test. 
In employing this method, it is not necessary to know 


All that 


value of armature current is 


the values of any of these separate quantities 


is required for a particular 
that the two diflerent meas 





urements of armature-loop 


input be made under the 


and tem pe rature 
The 


accomplished by 


same load 


conditions latter is 
readily 
making these measurements 
smallest 


Phe 


loss Component Is ¢ liminated 


with the practical 


lapse of time stray load 


in the second measurement 


by operation at low speed 


field 
the 


and zero flux whilk 


mamtaining same tem 


perature and brush.contact 


drop. 
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Design and Calculation of Induction Heating Coils 


R. M. BAKER 
MEMBER AIEE 


Fig. 2. The work current J, flows through reflected work 


resistance R,, airgap Hux reactance X,, work liux te 
actance X,, and copper flux reactance X,. The current 
I, which supplies the external magnetic drop flows 
I through the shunt reactance X,. The total coil current / 


is the sum of these two and it flows through the ohmi« 


c 
ne 
j en 
. \ 
‘ \ resistance of the coil R,. The circuit may be solved by 
&, / é 
P conventional analytical methods. Expressions for the 
3 ; 
yy circuit constants are easily derived. 
\ 
‘ \ , 
~\ ] A 
—— ed " > + > 
t eo } ee 





Se 
Sa 


Fig. 1. A typical induction heating load. 


HEN ALTERNATING CURRENT flows in the 
ot turns of a typical induction heating load, such 
as shown in Fig. 1, three components of magnetic flux 
are established, i.e. (1) in the workpiece, (2) in the air 
gap, and (3) in the copper of the coil turns, This 1s 
characteristic of any induction heating load regardless of 
shape, size, or frequency, and a general equation can be 
written for total flux linking the coil turns in terms of (%) 
the magnetizing force /1, established at the surface of the Pig. 2. P ond © curves, colld epfindes 


work. The rate of change of total flux determines the 
The method ts sufhciently general to allow use of the 
voltage E, which must be applied to oppose the counter ' leu! r 
same procedure in calculating a variety ol jobs 1S IS 
electromotive force and establish the field intensity /7,. I 5 
: accomplished vy introducing into the equations two 
The current which flows in the coil consists of two com 
dimensionless paran:eters, ? and QO, characterisiic of load 
ponents: the one proportional to and in phase with Fi... . 
, geometry. Individual curves of P and Q are plotted for 
and the other proportional to and in phase with the 
geometries which are likely to be encountered. For ex 
product of total flux (), and the reluctance of the external 
ample the P and O curves tor a solid cylinder are shown 
flux path. ‘The first is the current which would flow if the : 
if} big 4. For CONVECHICNCE, the abscissa of thi curve 1s 
external reluctance were negligible (long coil), and its 
the ratio of load diameter to the eflective ce pth ol cut 
ampere-turns are re flected exactly in the induced current : 
rent penetration calculated from the physical constants 
in the workpiece The second simply supplies the ex 
of the load material. Magnetic permeability mu bye 
ternal magnetic drop and its ampere-turns are not re 
considered in calculating d, AR ind X when the load 
flected in the workpiece. If the coil voltage is divided 
IS Nnavnetic 
by coil current, an expression tor coil impedance is ob 
\n attempt has been made to establish a complete 
tained which is interpreted in the equivalent circuit ol 
albeit approximate, me thod of calculation suited a 
R S to the casual user as to the expert The method ha 
checked experimentally over the range ol lrequene 


_ 
N/\/ P 
> | ny commonly used in induction heating On) ¢ ie to 
= ~w 


ke Its accuracy 1s idequat lor negotiation and d 


c 
i te Sf 
VV 


i , 
ork, ¢ pecially since in the latter it is usually custom 


ary te provide a coil with taps or to feed it trom 


. tapped transtorme! 
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Fig. 2. Equivalent circuit, short coil 


FEBRUARY 1957 Baker—Induction Heating Coils 





Some Studies in the 


Speed of Visual Perception 


G.C 


Normalized detail content of transmitted TV 
scenes is less than 5 per cent compared with 
artificial subjects, indicating observer prefer- 
ence influences the’ transmitted subject. Veri- 
fication tests were devised involving reading, 
character, and object recognition in precisely 
measured periods. To evaluate the perception 
rate in bits, a link is sought between the Gestalt 


concept and the binary choices. 


Hk STATEMENT 


highly redundant and theretore 


that the television signal 1S 


very wastelul of 


channel capacity is almost a cliche. Various types of 


redundancies of different subject matters have been 


measured, which indicate the truthtulness of that state 


ment,! \ method proposed by Gouriet! provides a con 


tinuous indication of the entropy based on the joint 


probability distribution of successive elements, if an ex 
ponential distribution is assumed (example at end of 


called the 


integrated 


inticle) I hve particular imstrument ‘detail 


meter” differentiates the signal, provides an 


ilue of the absolute value of the derivative, obtained 


whe rr 
called 


PHAN TUN 


by full-wave rectification inp a normalized form 


aomaxinum change it every pictur clement ts 


100 per cent detail, This instrument gives the 


reading for a television signal corresponding to vertical 


bars (or a checkerboard) with the maximum resolution 


) 


ol the tem (325 lines) but gives a reading of only 35 
criteria ol the ex 


Vlore 


per cont Lor a noise spectrum since thre 


ponential distribution are not. satisfied signili 


cantly, however, when the instrument is connected to a 


video program line the re iding is normally less than 3 


per cent ind seldom is a reading in the order ol 6 per cent 


obtained, In the laboratory special subjects may be se 


lected with substantially higher readings; however, thes« 


scenes would not be considered pictures with entertain 


ment value 


Phe detail meter thus indicated a viewer preference 


for low detail or information content. Although some 


work in this field analyzed so-called typical pictures, the 
project of finding either typical or preferable pictures 
was not considered. A clue was supplied by the psycholo 
gists, particularly by Professor Y, LeGrand of Sorbonne, 
who performed some perception tests with images, which 
were to be sketched by an artist after a short exposure 
These tests indicated that even after several seconds of 
exposure only the contours are perceived his is, of 
course, simply in line with the Gestalt recognition of a 


subject. 


150 


Sziklai—Speed of Visual Perception 


SZIKLAI 


GESTALT CONCEP I 


DHE GESTALT CONCEPT was developed about 1912 by 
Max Wertheimer, who founded a school of psychology 
based on it. The word Gestalt means form, shape, con- 
figuration, etc. It is used in the concept that a person, by 
being familiar with a general shape, will associate some- 
thing in that class with that shape. Thus, a leaf from an 
oak tree or from an apple tree is recognized even though 
the specific shapes of their leaves differ considerably, Fur- 
ther considerations of this concept are quite far reaching, 
but this short definition may be considered adequate, 

At this point, the problem is to establish a relationship 
between the Gestalt concept and some unit familiar to 
the communication engineer; to provide a display which 
exposes the subject for a variable but precisely measured 
time, and to find a suitable way for obtaining a measure 
of the observation 

One may consider each letter of the alphabet or each 
number a Gestalt; then knowing that random letters cor 
respond to 4.7 bits per symbol, a relationship between a 


The 


perception of random letters, however, cannot be meas 


class of subject and the Gestalt may be established 


ured too easily and they form a rather limited class of 
Gestalts. Nevertheless some reading speed tests and short 
tests were 


ex posure performed and some of the results 


will be reported when evaluated 


THE TEST SETUP 


IN ORDER TO CONTROL the exposure period precisely, an 
clectronic switching system. was developed to switch video 
signals. The switching gear operates from the video syn 
chronizing pulses, switching from one signal to another 
at the beginning of a field and switching back to the first 

2. 4, 8, 16, 32, 64, or 128 frelds (or cor 
15, 2/15, 1/4, 


The exposure time to the second 


signal again alte 
respondingly, after approximately 1/30, | 
ye ee 


signal can be set 


and seconds) 


beforehand and the changeovers actu 


ated by a switch when the observers are ready 

The use of a steady image, which is interrupted by the 
test image, was adopted with the idea that the reappear 
ing steady image does not permit the storage of the test 


image on the retina. This effect could be verified easily 


by using a uniform white, gray, or black field as the 
steady image. In most of the tests, the picture shown in 


Fig, | was used as the steady image. 


Revised text of a conference paper presented at the AIEE Fall General Meeting at 
Chicago, Ul., Oct. 1.5, 1956, at a session sponsored by the AIEEE Committes 
Theory 
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1. Steady image used in perception test. 


Phe display device was a television station monitor 


with a 12-inch kinescope. The observers isked to 


were 


view the screen as they would view a television receive) 


Generally, a distance from 5 to 7 times the picture height 


was used. As a pre liminary experiment, the slide shown 


in Fig was flashed on for about 20 observers and they 


were asked to recite what they had scen as soon as poss! 


ble after exposure to the picture. A stenographer took 


down their remarks. For two fields of exposure (1/30 


second) the observers noticed a change but could not tell 
what they saw. For an exposure of four fields they recog 


both. In 16 


t second) they observed two con 


nized cither the horse or the house, but not 


fields (approximately | 


nected objects such as: “a white horse pulling some 


thing,” or “house and trees,” “house with windows” and 


even r ported inventions such as 


and I think 


‘a pony with a rider, 


“a house and a street there was a car in the 


strect 


In connection with these experiments, it was already 


notable that (1) the center of the picture was perceived 


first; (2) the majority of the observers, after recognizing 


one object tried to name more by conyecture; (3) the 


number ol objects recognized by the different observers 


Ol 1c Sane MTIOUS WeTC FCMAPKADIY UNTO and (4 
for u kabl 1 (4 


a given total exposure in these experiments scemed to 


yield the SATE imount of recognition whether it was 


taken in one exposure or In two exposures, each lasting 


half of the total period 


THE RELATIONSHIP BETWEEN BITS AND GESTALIS 


IN THE NEXT EXPERIMENT, an attempt was made to eval 


uate the perception in bits and to eliminate any rela 


tionship between the recognizabl slice 


objects I he 


shown in Fig. 3 was prepared and the evaluation of each 


object in bits was based on the tollowing reasoning. C. K 


Ogden® lists 200 picturable nouns among his 1,000 basic 


words. Four of the five objects were among these: the 


pyramid however, was not. Since it would have been a 


formidable job to count all the pictureable nouns in a 
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Fig. 2. Preliminary to test, this slide was flashed at various exposure fields 


complete dictionary, a sampling technique was used and 


1 factor of 4.7 was found for the letter B and a factor of 
5.1 tor the 
Webster 


picturable 


letter S between the basic English list and the 


dictionary This provides an estimate of 1,000 
nouns or tor each Gestalt approximately 10 
bits of information (log,1024). On the basis of this esti 
mate it was then possible to test the perception speed in 


1 bits-per-second scale 


PERCEPTION SPEED TESTS 


ol the 


that used with the previous slick The first test with 8 


DHE PROCEDURI test with slide 5 was the same as 


fields (approximately 1/8 second) was inadequate for all 


observers to recognize any ol the obrect 


\ typical answer 
wa ipproximately cight small figures in three column 


that ippeared to be lin drawings ol mythical animal 
fielas 


recognized the fish. The test with an 


With an exposure of 16 ipproximatel 14 


onds all observers 


exposure period ol 32 felds ( ipproximat ly | econd) 


as perlormed with 50 observers including cneinee 


stenographers panitors, ete Only | out of the 50 could 


With one 


in that order, the 


name three objects exception who named the 


pipe and the scissor rest named the fish 


ind one more object In all the te ith an eXDO 


periods (about 120 tests altogether oan object \ r¢ 


recognized at all, the center figure was the first named 


figure 
Phe re 


cognition of two independent object orre 


nonds to 20 bits and since the exposure is 1/2 second 


it corresponds to 10 bit pel econd perception 


peed 


It mav be interesting to compare thi figure with thy 


macitv ol a television signal channel. The number ol 


different messages that can be constructed with VOO.000 


picture element per tram ith 100) distinguishable 
brightness levels is 10 On the basis of the 
hip ol ; 10 incl X 


pond tQ 


relation 
10 O00 / low ’ this corre 
ipproximately 1.5 million bit per frame or 40 
nillion bits ver second 


ial Perception 





It was felt that once tlhe technique described was de 


veloped, the perception speed should be verified with 


Gestalts of smaller classes, and therefore shorter periods 
One experiment with a slide which had objects with 


HlaAltic 


all starting with the letter B, failed to produce a 
greater object recognition higher than two per 32 fields 


alter the observers were instructed about the restriction 


A discussion of this observation with some of the viewers 
made it evident that this type of restriction imposes a 
difficult mental process, which apparently causes a slow 
ing down in the perception spec d 


\nother experiment, in which the observer was shown 


the chart of 16 symbols shown in Fig. 4 belorehand and 


then asked to recognize one ol these symbols, vielded 


excellent consistency between tests and the results ob 


tained with the general class of picturable nouns, By 


flashing the single symbol (corresponding to four bits) 


for 4 fields (1/15 of a second) or 60 bits per second, only 


1 out of 2 


( observers guessed the correct symbol, which 


Fig. 3. Slide employed to evaluate the perception 


in bits and to eliminate any relationship be 


tween recognizable objects 


might even be accounted for on the chance 


(8 fields, 2/15 


demand 


basis of 
When the exposure period was doubled 


second) and, therelore, the perception rat was 
reduced to 30 bits per second, only one of another group 
ol 20 observers failed to recognize the right symbol in this 


experiment 

Phe importance of the steady picture before and alter 
the exposure of the unknown picture was demonstrated 
easily by the use of the symbol with the 


test steady pra 


ture the symbol could not be recognized in 8 fields; but if 
blank 


screen, one field (1/60 of a second) was enough to pick 


the exposure to the symbol were tollowed by a 


the right symbol, Based on these tests it is believed that 


where an image is flashed on and off by optical means 


the retinal retention is tested rather than the perception 
speed 


One further test involved the instruction to the ob 


server that the symbol to be shown is a choice of two of 


the symbols from Fig. 4, thus each recognition corre 


The 


sponds to | bit of information received correctly 


15? Sziklai 


Speed of Visual Pere eption 


speed for this Lest was set at 1/30 of a second and we ex- 


pected to perform a large number of tests in order to get 


an average; however, the 30 bits per second provided per- 


7 oS 




















a ee 
*-- + 


Fig. 4. Chart shown before observer is asked to 


recognize one of the symbols. 


fect recognition every time and accordingly 10 tests were 


considered to be conclusive 


EXAMPLI 


The probability that a signal level 7 will be followed 
by level 7 and that such succession will appear provides a 
rate of information 


(j) log p, () (1) 
Phe quantity measured by the detail meter 


9 


-) 


where B is the brightness of an clement and x is the hori 


vontal distance. Substituting signal levels and 7 for 


the Monte 


1g 
brightness the integral may be evaluated by 
Carlo method’ as 


If we assume that 


Pp 


equations | and 3 become equal 
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INSTITUTE 


Peacetime Uses of Atomic Energy 


d/ 


To Be Topic of 1957 Nuclear Congress 


PEACETIME USES of atomic energy will be 
the topic of the 1957 Nuclear Congress, 
scheduled for March 11-15, 1957, at Conven 
tion Hall, Philadelphia, Pa., under the 
co-ordination of Engineers Joint Council 
(EJC). The session will bring together 
leaders in science, engineering, industry, 
Government, education, agriculture, and 
other fields. 

Included in the Congress are four major 
events one of which is the Second Nuclear 
Engineering and Science Congress, co-ordi 
nated by EJC on behalf of 20 engineering 
and scientific societies. This will include 
130 technical papers during a 4-day pro 
gram. 

The National Industrial Conference Board 
will hold its Fifth Conference on Atomic 
Energy in Industry, featuring 12 round 
table discussions, a dinner on Thursday, 
March 14, and a 
March 15 


The International 


luncheon meeting on 


Atomic Exposition, 
Institute of 
Engineers in co-operation with 


sponsored by the American 
Chemical 
four other engineering societies, will display 
industry's latest items in the atomic field 

The Fifth Hot Laboratories and Equip 
ment Conference, sponsored by the Hot 
Laboratories Committee of the Oak Ridge 
National Laboratory, Oak Ridge Tenn 
will take place March 14-15. It will deal 
with the operation and development of 
equipment for laboratories for atomic 
energy 

Dr. W. G. Whitman of Massachusetts In 
stitute of Technology, president of the 
American Institute of Chemical Engineers 
and secretary-general of the United Nations 


Atoms for Peace” Conference in Geneva. 


Switverland, 1955, is general chairman for 
Whit 


The 1957 Nuclear Congress will con 


the 1957 Congress. According to Dr 
man, 
tinue the remarkable co-operation among 
engineers and scientists from almost every 
portion of the globe and from every branch 
of science and engineering for the benefit 
evidenced at 


Geneva and later at the first EJ 


of mankind, that was first 
Congress 
in Cleveland, Ohio, in 1955. Progress in the 
civilian uses of atomic energy is being im 
measurably expedited through this co-op 
erative action 

Commenting generally on the 
Dr. T. H. Chilton, president of EJC, said 
that “the true value of the 


congre SS 


congress does 
not lie in its sheer size. Its significance lies 
in the fact that there will be an oppor 
tunity to gather in one place at one time 
representatives of all of the many arts and 
sciences that are concerned with the rapidly 
growing field of atomic energy 

“This will be an unparalled demonstra 
tion of true unity of purpose and action 
both within the engineering profession and 
within the larger field of science and tech 
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nology. This program promises to be an 
outstanding one, both from the point of 
view of lasting contributions to peacetime 
uses of atomic energy and as a sterling ex 
ample of inter-professional co-operation 
Program chairman for the 1957 Nuclear 
Congress is Bruce Prentice (M '47) of Gen 
eral Electric, 
Committee of the 


member of the Executive 
American Society of 
Engineer's (ASME) Nuclear 
Engineering Division and member of Amer 
ican Nuclear Society (ANS). T. A. Marshall, 
Jr., assistant secretary of ASME is congress 
manager and L. R. Gaty (F '50), vice-presi 
dent of the Philadelphia Electric Company, 
Arrange 


Mechanical 


is chairman of the Philadelphia 
ments Committee 

J. S. Sinclair, president of the National 
Industrial Board 


“never before have business men been able 


Conference notes that 
to attend three large integrated conferences 
and a trade fair on atomic energy within 
The E]J¢ 


lated for its efforts to eliminate unnecessary 


the same week is to be congratu 
duplication of meetings in this field.” 
Attendance at the Nuclear Congress is ex- 
pected to exceed the 3,000 at the Cleveland, 
Ohio, Congress in December of 1955. The 
Atomic 
18,000 persons in Cleveland, expects 


International Exposition, which 
drew 
many more interested observers at its dis 
plays in Convention Hall in March. The 
Exposition reports that it will be bigger 
and more diversified than before, with many 
firms exhibiting for the first time and with 
space reservations being made at a record 


rate. J \ Friel 


exposition director, ob 


DISCUSSING the 1957 Nuclear Congress to be held March 11-15, at Convention Holl, 


AL TE Cres 


serves that reservations for the exhibitions 
are 20 per cent ahead of the 1955 Exposi 
tion, with 3 out of 10 companies being new 
to the field. 

Presented at the Nuclear Engineering and 
Science Congress will be 190 technical 
papers dealing with various phases of nu 
clear operations from mining to the dis 
posal of radioactive waste, Emphasis will be 
on new developments of potential value to 
civilian industry, especially in the fields of 
metallurgy, chemical processing, mechanical 
and power application 

Topics which will be covered by the Fifth 
Atomic Energy In Industry Conference are 
recent radiation 


fusion, cle velopments in 


chemistry and radio-isotopes-applications 


foreign and domestic markets for atomic 
energy products, nuclear propulsion, waste 
disposal, health and safety problems, the 
economics of new reactor types, the latest 
developments in atomic energy legislation 
site selection problems for nuclear facilities 
and problems in local and state atomic 
energy regulations 

The 1957 Congress, all ready supported 
by 20 States 


scientifie 


major United engineering, 
ind management groups, also ex 
pects representatives from other nations to 
participate in various aspects of the meet 
ings and to exhibit at the Exposition 

In addition to the four major organiza 
tions, the following partial list of organiza 
tions will be represented at the 1957 Con 
AIRF 


American 


gress American Society of Civil Fn 


yineers Tivstitute ot 


Metallurgical and 


Mining 


Petroleum Engineers 


‘ j he 


Philadel- 


phia, Pa., are (left to right) L. R. Gaty (F '50), chairman of the Philadelphia Arrangements Com- 
mittee and vice-president of the Philadelphia Electric Co.; E. J. Van Antwerpen, secretary, Ameri- 


can Institute of Chemical Engineers; Dr 
T. A. Marshall, Jjr., 
Nuclear Congress. 


Institute Activities 


T. H. Chilton, president, Engineers Joint Council; and 
secretary, American Society of Mechanical Engineers, and manager, 1957 





Ameria 


Vmerican 


Sonic ol 
Waterwork 


Society for 


Mechanical Engineers 

Association; Ameri 
bnginecering Education; So 
of Naval Architects and Marine Engi 
American Institute of Chemical Engi 
Institute of Industrial 


Chemical 


American 


ngimnect American 


Society 


American tistituce ot Physics; The Institute 
of Radio 


Iristitute 


American Geological 
Metals; In 


Acronautical Sciences; Society of 


hnyvineers 
American Society for 
stitute of 
Automotive Engineers; American Society for 
lesting Materials; and Federation of Sew 
age and Industrial Wastes Association 


February Conference Being Held 


on Transistor and Solid-State Circuits 


Phik, 1957 
cuits Conference to be held February 14.15 


Transistor and Solid State Cir 
at the University of Pennsylvania, is spon 
wored jointly by the Science and Electronics 
lechnical Division of the AIRE, the Phila 
delphia Section of the Institute of Radio 
(IRF) the IR} Professional 
Group on Circuit 
ity of 


pre vious 


hiogineers 
Theory, and the Univer 
Pennsylvania. Patterned after the 
conferences held at the same loca 
this confer 


both 


tion for the past veveral years 


ence will include information on 


linear and nonlinear transistor circuits 


Also one 
olid state 


vssion will be devoted to other 


circuits, including ferroelectrics 


ind magnetic cores. Two tutorial sessions 


ve aimed at surveying recent advances it 
the subject and will provide the practicing 


engineer in solid-state circuitry a broader 


picture of the state of the art 

Although no conference transactions will 
be published, a technical addendum to the 
booklet will be 


program available at the 


time of registration 


tions of all slick 


containing reproduc 
including mathematical 
exapre SHOTS 

The Bellevue Stratford Hotel 


Chestnut Streets 


Broad and 
Philadelphia, Pa., has re 
served a block of rooms for those attending 
the conference 

Registration and hotel reservation forms 
are being mailed to members of the 
woring groups 
from ft Ww Anderson, 
Missile and Ordnance 

$19K Chestnut St 
Fees for the 


spon 

them 
Flectric 
Systems 

Philadel 


conference are as 


Others may obtain 
General 
( ompany, 
Department 
phia 4, Pa 
follows: advance registrations made before 
$3.00; Thursday luncheon, 
buffet $6.00; and Friday 
luncheon, $2.50; registration at conference, 
$4.00; Thursday $3.00; cocktail 
buffet, $6.50; and Friday luncheon, $3.00 
Because of limited facilities, and to assist 


the Local 


February 7 
0 cocktail 


luncheon 


Arrangements Committee, ad 
vance registration is urged 
The tentative technical program for the 


conference follows 


Thursday, February 14 


8:(Wam. Registration—Irvine Auditorium 


9:30 a.m, Audi- 


torium 


Switching Circuits—Irvine 


Chairman: J. L. Walsh, IBM Engineering Laborator 


A Decade Ring Counter Using Avalanche-Operated 
Junction Transistors. J. BE. Lindsay, Radio Corporation 


{ America 


Transistor Circuits for Magnetic Drum Recording. 
Gordon Kuster, Perranti Electric Limited 


Larae Seale Testing of Switching Speeds of Junc- 
tlen Transistors. [rwin Dorros, Bell Telephone Labora 


tories 


Pflects of Low Temperatures on Transistor Charac- 


teristics. A. B. Credle, Internationa business Machines 
‘ 


rpotatior 


9:50 a.m, Tutorial 
Auditorium 


A—University Museum 


Rand Univu 


on, Sperr 


A Survey of Selid-State Deviees for Control and 
Information Handling Systems. J. A. Rajchman, KCA 


Laboratories 


Hias Considerations in Transistor Circuit Design. 
K. Gi i, General Blectr Compar 


123%) Noon Lunch—University Museum 


Egyptian Gallery 


2:00 p.m. Formal Opening of Conference— 
Irvine Auditorium 


ar y Yar 
1, Haller, past chairman 
Brainerd, University of Penney 
2:30 p.m, 
ditorium 


Computer Switching—Irvine Au- 


an: KR. b. MeMah 


Millimicrosecond Transistor Current Switching Cir- 
cults. 1. S. Yourke, 161M Laboratory 


DCTL Complementng Flip-Flep Circaits. - 
Clark, Burroughs Research 


& New Bistable Transistor Element Suitable for 
Digital Computers, N. fF. Moody, Delens 
Board 


Kesearch 


An Analysis of the Complementary Pair Trigger 
Cireukt. ¢ D. Florida, Defence Research Board 


A Complementary Symmetry Monostable 
vibrator. C. F. Chong, A. 1. Aronson, 


tion of America 


Multi. 
Radio Corpora 


The Design eof Dual-Range Transistor Cireults 
for Minimum Standby-Current Systems. // E, 


Tompkins, University of Pennsylvania 


2:30 p.m. Linear 
Museum Auditorium 


Amplifiers—U niversity 


Chairma A. BP. Stem, General Electric Company 

Transistor Low Noise Preamplifier with High Input 
impedance. 4. FE. Bachmann, General Electric € ompany 
Wide Band Feedback Amplifiers, fF. 0. 
Bell Telephon 


Waldhauer, 
Laboratories 


A Transistorized High Voltage Push-Pull Sweep 
Generator Using High Impedance Techniques. P. /. 
{nzalone, Ratio Corporation of America 

Series Tuned Methods in Transistor Radie Cir- 
eultry. @. FF, Chow, D. A. Paynter, General Electrix 
Company 


A New Approach to Transistor Receiver Design. 
4. Proudfit, K. M. Se. John, C. R. Withelmsen, R. J 
Farber, Haseltine Research Corporation 


6:00 p.m. Cocktail 


ford Hotel 


Buffet—Bellevue-Strat- 


8:00 p.m. Informal Group Discussions— 
BellevueStratford Hotel Conference Rooms 


Institute Activities 


Friday, February 15 


8:30a.m. Registration 


9:00 a.m. Circuits—Irvine Audi- 


torium 


Power 


Chairmar Ht. T. Moores, Minneapolis-Honeywell 

Seme Solutions to Problems of Operating Ger- 
manium Transistor Servo Amplifiers at High Am- 
bient Temperatures. P. M. Thompson, J. Mitchell, 
Defense Research Board 


Phase Controlled Transistor Power Supply Regula- 


tien. DP. E. Deuitch, Radio Corporation of America 


Amplifier Utilizing “Firing-Angle”’ 
Lowry, General Electric Company 


Transistor D-4 
Control, Ht, KR 


Oscillator Cireuit. 


Minneapolis-Honeywell 


Av Improved Square-Wave 


J. L. Jensen, 


Corry, R. P. 
Corporation 


Three-Phase Statice Inverter. 7. M. 


Putkovich, Westinghouse Elec 


A New Tramag Oscillator. A. J. Meyerhoff, R. M. 
Tillman, Burroughs Research Center 


9:00 a.m. Tutorial B—University Museum 
Auditorium 
Chairman: F. H. Tendick, Bell Telephone Laboratories 
Characteristics and Application of New High Fre- 
quency Transistors. RK. L. Pritchard, General Electric 


Research Laboratories 


Design of High Frequency Amplifiers. G. T. Lake, 


Defense Research Board 


12:00 Noon Lunch—University Museum 


Egyptian Gallery 


2:00 p.m, Device Circuits—Irvine 


Auditorium 


Special 


Sylvania 


pensation of Transfluxors. H. ¥. 
lectric Company 


perature Ce 


Lbou, J. J. Suran, General 


Counting Cireuits Using Ferroelectric Devices. 


R. M. Wolle, Bell Telephone Laboratories 


Switching Characteristics of Magnetic Cores as 
Cireult Elements. R. D. Torrey, A. Krell, C. Meyer, 


Sperry-Rand Univac 


Transient and Frequency Response Characteristics 
of Field Effect Unijunction Transistors. /. J. Suran, 
B. K. Eriksen, General Electric Company 


AIEE Sponsors Sec ond 
Farm Electrification Conference 


The second Conference on Farm Electri- 
lication, sponsored by the ALEE, was held 
at the Hotel Peabody, Memphis, Tenn., 
October 29-31, 1956 

Ihe program was of great interest to all 
who deal in supply, distribution, or promo 
for farm use. The 


tion of electric power 


papers presented were by men who are 


recognized as experts in their 
fields. The subjects covered included: de 
scriptions of a new general purpose farm 
motor and a new submersible pump motor; 
irrigation 
rural 


respective 


selection and application of 
equipment grounding in 


structures; a need for larger motors on the 


electrical 
farm; philosophy and economics of 
more electricity; educational techniques for 
promoting greater use of electricity on the 
farm: and how the use of electricity has 
made automation of the poultry industry 


using 


practical. 

In addition to these subjects, the con 
ference was opened with a paper on the 
little-known subject “The Role that Light 
and Radiation Plays in Agriculture,” and 
ended with a look into the future with 
“Electric Service Unlimited for the Farms 
of Tomorrow.” 
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Woodard’s Photographers 


AMONG THOSE at the second AIEE Conference on Farm Electrification were: (back row, left to 
right) R®. D. Barrett, secretary, Memphis Section; A. R. Beasley, chairman, Hospitality Committee; 
L. H. Heyman, chairman, Registration Committee; H. F. Hemker, general chairman; J. H. Oliver, 
program chairman; H. W. Kelley; (front row, left to right) R. S$. Gardner; J. W. Widmer; G. C. 


Davis, chairman, Memphis Section; and W. E. Goodman, chairman, Finance Committee 


An interesting feature of the meeting was 
an inspection trip to several electrically 
operated farms, including one of the largest 
and most progressive farms of the South 

Ihe total attendance at this conference 
was over 160, with representatives from 26 
states. There were 61 members, and 91 
nonmembers present that were definitely 
so listed 

The interest and enthusiasm of those who 
attended was so marked that the Commit 
tee is now planning another conference for 
next year. There is every indication that 
the attendance will be greater at a future 


conference 


Philadelphia Section 
Reports on Recent Activities 


Ihe December meeting of the Philadel 
phia Section of the AIFF featured a talk by 
Peter Freeman of the Glenn L. Martin Co 
on “The Earth Satellite Project Mr. Free 
man spoke primarily about the launching 
of the rocket “The Vanguard” with particu 
lar emphasis on the control of this three 
stage finless rocket. He indicated that ap 
proximately 12 of the satellite carrying 
rockets will be launched during the 1957 
International Geophyscial Year GY). Of 
these, possibly seven will be for test pur 
poses only and will return to the ground 
as dust. The remainder, it is hoped, will 
remain in orbit 

| \ jowman, general manager—special 
projects American Pelephone mad lel 
graph lo spoke at the January 
His talk, entitled 


Sea dealt with the problems of engineer 


mecting 


[he Voice Beneath the 


ing and laying the transatlantic telephone 
cable. Mr 
of the engineering for the Alaska Hawaii 
telephone cables. H. | Davi 


jowman present! is in charge 


Armme rican 


Telephone and Telegraph Co., chairman 
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of the Section Papers and Meetings Commit 
tee was in charge of the program 

The “Creative Engineering Symposium 
jointly sponsored by the Philadelphia See 
tions of the AIEF and Institute of Radio 
Engineers (IRE), was a pronounced success 
with an advance registration of 300. The 
SiX-session symposium was planned by the 
Section Education Committee, W. O. Mas 
caro, Atlantic Refining Co., chairman. Ihe 
final arrangements were completed by the 
Subcommittce on Symposiums and the Sym 
posium Operating Committee under the 
chairmanship of R. S. Berkowitz, University 
of Pennsylvania; and R I Rocamora 
Radio Corporation of America; respectively 

Speaking at the February meeting, which 
is also Students Night, will be S, Charp of 
the Franklin Instiute. His subject will be 
“Guided Missiles 

The March meeting occurs at the time of 
the 1957 Nuclear Congress which is to be 
held in Philadelphia, Pa., this year. The 
meeting will tie in with the Congress and 
will deal with future applications of atomic 


energy. 


AIEE Bonus for 
Married Engineers? 


Marriage between electrical engineers 

may reap extra dividends from AIEI At 

least it has for one couple who were brought 

together by an AIEE Section meeting 
Georg ind Louisa Cook, of Phoenix 

Ariz., had lived within three blocks from 

each other. Only the r r knew it 
While Georwe VAS vial vith the 

Nav Louisa was attendin 

ot Arizona Engineering College 

ing during the summer recess« 

reau of Reclamation, Yuma, Ariz. After 

graduated, Louisa obtained a position 


the Salt River Power District in PI 


In filwtle Ietivitie 


Future AIEE Meetings 


AIEE-IRE-U of P Conference on 
Transistor and Solid State Circuits® 
University of Pennsylvania 
Philadelphia, Pa 

February 14-15, 1957 


AIEE-IRE-ACM Western Joint Com 
puter Conference* 

Hotel Statler, Los Angeles, Calif 
February 26-28, 1957 

Textile Conference 

Georgia Institute of Technology 
Atlanta, Ga 

March 7-8, 1957 


EJC Nuclear Engineering and Science 
Congress* 

Convention Hall, Philadelphia, Pa 
March 11-15, 1957 


AIEE-ASME 
ment Conterence® 
Pittsburgh, Pa 

March 27-28, 1957 


Engineering Manage 


Paper and Pulp Conference 
Georgia Institute of Technology, 
\tlanta, Ga 

March 28-29, 1957 


Southern District Meeting 
Hotel Heidelberg, Jackson, Miss 
April 3-5, 1957 


Rubber and Plastics Conference 
Akron, Ohio 

April 8-9, 1957 

(Final date for + TP—closed r¢ P Syn 
closed, CPMs—Feb. 17) 


AIF F-AWS § Electri« 
ference 


Welding Con- 


Municipal Auditorium 
Philadelphia, Pa 

\pril M-12, 1957 

(Fina late fe iv P 
closed, CPM keb.] 


Great Lakes District Meeting 

Hotel Fort Des Moines 

Des Moines, lowa 

April 15-17, 1997 

(Final date for tT P-—closed, SDP 
closed, DPM heb 


AIEE-IRE Solid State Dielectric 
Magnetic Devices Conference 

Catholic Universit Washington 
April 22 1957 

(Final date {« (T P—closed, *CP Syn 
he 6, CPM he 


Electric Heating Contlerence 
Commodore Pert Hotel 
loledo, Ohio 

\pril 

( 


‘TP 

[CP Syn 
cPr™M f 
I al 
‘} le 

ADP Syn 
prem 
I Df 


Di 











under the supervision of 1 *Monte” 
member of AIEE who 
introduced her to AIFI 


following his Navy discharge at the end 


Roe i long time 
Activities 
of hostilities, George also attended the Engi 


necring College at the University of Atri 
vona, Upon graduation he worked for Con 
ir in California and then returned to 
Phoenix as an employee tor Motorola Re 
earch in September 1953 
It was then, at an Institute Section meet 
in, nearby Prescott, Ariz., that George 
Louisa met, and later were married 
two who, in order to meet, had to 
1 devious route paved by their de 
to be electrical engineers and AITEI 
nher wrote to the Institute hoping 
take advantage of their unusual case by 


iking one due payment on a point dues 


TWO AIEE members, 
lovisa Cook (lef?) 
and her husband, 
George Cook (right) 
are shown with a 
potential new mem- 
ber, their son, Robert 
Lovis Cook (center). 
Cene Boyce, Photographer 
membership. This was not possible, but 
officers of the Institute thought something 
should be done in honor of this rather 
unique couple 
Subsequently, a bargain was struck The 
Cooks were told that if AIEEE could count 
on 4 potential new member, an equitable 
idjustment would be made. Within a year 
the transaction was closed with the birth of 
Robert 


protessional 


Louis Cook, who will begin his 
tivities about 1977, 

All electrical engineers, both actual and 
potential, who read this, should be re 
minded that the above does not constitute 
a standing AIEEE ofter 


in similar circumstances, it might be said 


However, to those 


You can't lose mything by trying espe 
cially if the Institute has played cupid for 


ou too 





Vice-President’s Certificate Presented 
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Courtesy C. B. Brown 


J, R. WALKER (F '48) of Billings, Mont., was presented with a certificate in recognition of his 
services to the Institute as vice-president from the North West District, 1954-56, at a joint 
meeting of the Montana Section and the Billings Subsection, held in Billings on November 15, 
1956. The presentation was made by H. L. Baker, who has succeeded to the chairmanship of 
Montane Section after the former chairman, William Wheeler, moved from Montana. Among 
those at the presentation were (left to right) R. L. Barta, vice-chairman, Billings Subsection; W. F 
Thompson, Thompson, Slaybaugh and Thompson, Denver, Colo.; C. R. Beitman, chairman of the 


Subsection; Mr. Walker; Mr 


Baker; E. W. Head, Control Corporation, Minneapolis, Minn., the 


featured speaker of the evening; and C. W. Lee, secretary-treasurer of the Subsection 
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Institute Activities 


Alfred Noble Prize 
Won by Dr. Mortada 


A technical 
hamed 


petroleum paper by Mo 
Mortada, senior 


Magnolia Petroleum Co., 


engineer for the 
Dallas, Tex., has 
achieved the distinction of being chosen 
for the Alfred Noble Prize, the major award 
of five top engineering organizations to a 
young engineer for an outstanding paper 

Dr. Mortada, a member of the American 
Metallurgical, and 
Petroleum Engineers (AIME) also has been 


Institute of Mining, 
announced as the winner of the Institute's 
Rossiter W. Raymond Award for his paper 
“A Practical Method for Treating Oilfield 
Interference in Water-Drive Reservoirs,” 
published in the AIME Journal of Petro 
leum Technology. Both awards will be con 
ferred at the annual AIME meeting in New 
Orleans, La., February 24-28, 1957 

Besides AIME, the Alfred Noble Prize 
sponsors are the AIEE, American Society 
of Civil Engineers, of which the late M1 
Noble was a president; The American Soci 
ety of Mechanical Engineers, and the West 
ern Society of Engineers Mr. Noble also 
served as president of the latte: 

In considering Dr. Mortada’s paper, the 
headed by Dr. H. §S 
Tristitute 


award committee 


Rogers, president of Polytechnic 
of Brooklyn, presented the following report 
on the importance of the paper 

‘This is original work It has been 
known, of course, that unexpected pressure 
values were frequently found in oil well 
drilling. Pressure in one area of a field is 
known to be affected by drilling in another 
area. Pressure etlects are transferred from 


one area to another through the aquifer 
bearing sands) underlying the oil 
Mortada 


heretotore unavailable 


water 


sands This work of provides 


charts which en 
able producers to anticipate, for extended 
periods of production, pressure changes at 
immediate and remote areas over a pat 
ticular aquifer This knowledge enables 
better control of production costs, oil re 
covery and valuation.” 

Dr. Mortada is a junior 
AIME. He received the degree of B.S. trom 
the University of Cairo and the degrees of 
MS. and Ph.D 


Calitornia 


member of 


from the University of 

The award is given annually for a paper 
of exceptional merit accepted for publica 
tion by one of the societies * provided 
the author has. not passed his $list birthdays 
at the time the paper is submitted to the 


society in practically its final form,” 


Tau Beta Pi Badge 
Awarded to Woman Engineet 


Mrs. F. F. Buckland (M ‘'48) of the Gen 
eral Electric Company, Schenectady, N. Y., 
one of the nation’s foremost women engi 
neers, has been awarded the Women's 
Badge of the Tau Beta Pi Association, na 
tional engineering honor society 

The presentation was made by the 
Massachusetts Institute of Pechnology 
(MIT), where Mrs. Buckland graduated in 
1920 

The citation was given Mrs 


Buckland 
in recognition of high scholastic stand 
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ing as an undergraduate and in view of 
outstanding attainments in the fiekd of en 
gineering.” 

Mrs. Buckland is a heat transfer applica- 
tions engineer with General Electric's Gen- 
eral Engineering Laboratory, Schenectady, 
N. Y. She has attained national recognition 
for her work on heat transfer problems in 
volving rotating machinery, electrical house- 
hold appliances, switchgear, locomotives, 
and giant turbines. 

Her husband, son, and son-in-law all are 
engineers. Her husband, B. O. Buckland, is 
the consulting engineer of General Electric's 
gas turbine department in Schenectady and 
a member of Tau Beta Pi. Her son, Lt. L. F. 
Buckland, was graduated from MIT in 1952 
and is currently with the U. S. Air Force 
Research and Development Center, Griffiss 
Air Force Base, Rome, N. Y. Her daughter, 
Mrs. W. L. Kitchens of Costa Mesa, Calif., 
is married to a Beckman Instrument Com- 
pany engineer. 

A native of Cambridge, Mass., Mrs. Buck- 
land was graduated from high school in 
Billings, Mont. She was one of two women 
in her class at MIT, where she received a 
bachelor’s degree in electrochemical engi 
neering 

She joined General Electric as a turbine 
engineer in 1921, and in 1925 earned a 
master's degree in electrical engineering 
from Union College, Schenectady. She was 
the first woman to receive such a degree 
from Union 


Officers Elected for 
NEMA Product Sections 


At the recent National Electrical Manu- 
facturers Association (NEMA) Convention, 
the following new officers of NEMA Product 
Sections, several of whom are AIEEE mem- 


bers, were elected 


Semiconductor, Metallic Rectifier Section— 
Julian Loebenstein (M '48), sales manager, 
Radio Receptor Co., Inc., chairman 


Specialty Transformer Section—R. H. Som- 
mers, vice-president, Transformer Division, 
Hevi-Duty Electric Co., chairman of Sec 
tion; W. ¢ Anderson, chief project engi 
neer, Jefferson Electric Co., chairman of the 
Section’s Technical Committee 


Capacitor Section M. I Scoville (F °49), 
manager, engineering capacitor department 
General Electric Company, chairman of 
Section; B. H. Schultz (AM '49), chief engi 
neer, capacitors and regulators, Line Mate 
rial Co., Division of MeGraw Electric Co 
chairman of the Power Capacitor Technical 
Committee; M. S. Hook, chief engineer 
Electrical Utilities Co., chairman of the 


Specialty Capacitor Technical Committee 


Transformer Section—R. N. McCollom (AM 
17), sales manager, Transformer Division 
Westinghouse Electric Corporation, chair 


Transmission and Distribution Voltage Reg 
ulator Section—L. Wetherill (F '48), man 
ager of engineering, power transformer de 
partment, General Electric Company, chair 
man 


Laminated Products Section—-E. R. Perry 
president, National Vulcanized Fibre Co 
chairman of the ‘Technical Committee; 
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Conference Papers Open for Discussion 


Conference papers listed below have been accepted for AIEE Transactions 
and are now open for written discussion until March 1. Duplicate double 
spaced typewritten copies of each discussion should be sent to E. C. Day, Assistant 
Secretary for Technical Papers, American Institute of Electrical Engineers 
33 West 39th St., New York 18, N. Y., on or before March | 


56-260 Measurement of the Complex Dielectric Constant of Very High Dielec 
tric Constant Materials at Microwave Frequencies. Isadore Bady 


56-757 Magnetically Keyed, Phase-Sensitive Demodulators. 2. Bh. Mark, W. § 
Johnson, P. R. Johannessen 


Preprints may be purchased at 40¢ each to members, 80¢ each to nonmembers, 
if accompanied by remittance or coupons. Please order by number and send 
remittance to: AIEE Order Department, 33 West 39th St., New York 18, N. ¥ 











W. L. Rodich, general manager, laminated of Minnesota Mining and Manufacturing 
and insulating products department, Gen Co., chairman 

eral Electric Company, chairman of the Conduit Fittings Section—M. D. Bergan 
Section; C. R. Mahaney, vice-president and (M 49) 


, engineering technical director, The 
general manager, Panelyte Division, St 


Ihomas & Betts Co., chairman ot the Sec 


Regis Paper Co., chairman of the Decora tion’s Technical Committee; T. W. Briegel 


tive Laminate Group president, B. M. Fitting Corp., chairman 
Manufactured Electrical Mica Section—C. G of the Section 
Plimpton, Jr. (AM ‘'21), vice-president, New 


Switchgear Section I. G. A, Sillers (M °45), 
England Mica Co., Inc., chairman 


chief engineer, switchgear department, 
Vulcanized Fibre Section—H, C. Steadman, Power Equipment Division, Allis-Chalmers 
vice-president and general manager, Taylor Manufacturing Company, chairman of 
Fibre Co., chairman Technical Advisory Committee; L. W. Long 
Varnished Fabric and Paper Section—R. ]. (M ‘44), assistant general manager, Power 
Gavin, vice-president and general manager, Equipment Division, Allis-Chalmers Manu 
Irvington Varnish and Insulator Division facturing Company, Section chairman 





North Eastern District Meeting 


IN CHARGE of the AIEE North Eastern District Meeting to be held in Pittsfield, Mass., May 1-3, 
are: (left to right) F. H. Judkins, in charge of finance; J. O. Sweeny, general chairman; and 
H. S. Hubbard, advisor. All technical sessions and social activities will take place at the Wendell- 
Sherwood Hotel, where accommodations will be available for guests. The program includes trips 
through the General Electric Company's power transformer and distribution transformer depart- 
ments as well as social activities for members and their wives. The details will be announced 
shortly. 
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Three New Fellows Honored 


SMILING over an important milestone in their lives are three Fellows of the AIEE recently raised 
to the Institure’s highest grade. They were honored during ceremonies at a New York Section 
Family Night Meeting December 12. AIEE awards Fellowships to members who have served with 
distinction in the electrical engineering profession. The new Fellows are: (left to right) W. K. 
Sonneman, Westinghouse Electric Corporation, Newark, N. J.; §. Lb. Scheffer, Burns & Roe, Inc., 
New York, N Y.; and T. D. Reimers, Consolidated Edison Company, iInc., New York, N. Y. 





Joint District Meeting Planned 


DANGER 
HIGH 
VOLTAGE 


Courtesy Delco Products Division, GMC 


THE DAYTON, OHIO, SECTION will be host to the East Central District 11, the Middle Eastern 
District 2, and the National Air Transportation Committee May 7-9, 1957. Donald Warren (left) 
has been appointed general chairman of the meeting by Robert O'Brien (right), chairman, Day- 
ton Section. They are shown inspecting part of the test apparatus for polyphase integral motors 
at the Delco Products Division, General Motors Corporation. This and other testing equipment 
will be seen during the Delco plant visit which will be part of the May meeting. Other trips are 
planned to Chrysler Air Temp, National Cash Register, A. O. Smith Corporation, Wright-Patterson 
Air Force Base, and others. The theme of the meeting will be Rotating Electrical Equipment 
and Air Transportation. Manufacturers exhibits on electric components for motors and aircraft 
will be on display. Member and student papers will be presented on subjects appropriate to the 
theme as well as several on engineering management. 
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Molded Case Breaker Section—A. R. John 
son, division manager, Cutler-Hammer, 
Inc., chairman 


Panelboard and Distribution Board Section 
R. G. Oakley, sales manager, panelboard 
manufacturing and repair department, 
Westinghouse Electric Corporation, chair 
man 


Industrial and Commercial Lighting Equip 
ment Section—]. H. Fall, U1, vice-president 
in charge of sales, Benjamin Electrical Man 
ulacturing Co., chairman 


Floodlighting Section—J|. A. McDougall, gen 
eral sales manager, Revere Electric Manu 
facturing Co., chairman 


Wiring Device Section—A,. W. Gilmore, gen 
eral manager, wiring device department, 
General Electric Company, chairman 


Industrial Control Section—t I Beede, 
sales manager, Ward Leonard Electric Co., 
chairman of the Section; E. R. Jung, vice 
president in charge of marketing The 
Clark Controller Co,, chairman of the See 
tion's Advisory Committec 


Power Rectifier Conference 
To Be Held in Chicago, Hl. 


The tndustrial Power Rectifier Commit 
tec and the Metallic Rectifier Committee of 
AIFF are sponsoring a joint conference with 
the Chicago Section on Rectifier Equip 
ments as they are presently applied to ful 
fill industry's need for d-c power. The con 
ference will be held at the Morrison Hotel 
Chicago, HL, June 4-5, 1957 

This conference will be concerned prin 
cipally with mercury are rectifiers and the 
various metallic semiconductors including 
germanium and Silicon. It will be devoted 
to problems of design, application, and op 
cration ot complete CONnVeTSION UntItS utili 
ing these rectifying devtges. The conterence 
will be conducted in mach the same man 
ner as the joint Conterence on Mercury Are 
Rectifiers held in Pittsburgh, Pa during 
the spring of 1952 

Preliminary plans for the conference were 
made at a meeting of the Executive Com 
mittee held in Chicago, HL, on November 
20, 1956. M. M. Morack, representing the 
Industrial Power Rectify Committee, and 
Glen Ramsey representing the Metallic 
Rectifier Committee will serve as cochail 
men of the Executive Committee while 
J. N. Banky, representing the Chicago Sec 


tion, will serve as conference chairman 


O. G. Villard, Jr., Receives 
Morris Liebmann Memorial Award 


O. G. Villard, fi AM 42), professor of 
electrical engineering at Stanford University, 
has been announced as the recipient of the 
Institute of Radio Engineers (IRE) Morris 
Liebmann Memorial Award ‘ for his 
contributions in the field of meteor as 
tronomy and ionosphere physics which led 
to the solution of outstanding problems in 
radio propagation.” The award is made 
annually to a member of the IRE for a 
recent important contribution to the radio 
art. The presentation will be made during 
the 1957 IRE. National Convention 
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COMMITTEE ACTIVITIES 


Eprror'’s Nott This department has cen 
created for the convenience of the various 
AIEE technical committees and will include 
brief news reports of committee activities, 
Items for this department, which should be 
as short as possible, should be forwarded to 
R. 8S. Gardner at ATE! Headquarters, 13 
West 39th Street, New York 18, N.Y. 


General Applications Division 


Committee on Land Transportation (FE. A 
Foster, Chairman; P. G. Lessmann, Vice 
Chatrmar ] ( Price Secretar I he 
Standard No. Il Subcommittee has been 
somewhat delayed in producing the final 
draft of the new rules to the Standards 
Committee because of last minute helpful 
comments rendered by the members ot the 
Land Transportation Committee [hese 
comments tended to produce a well rounded 
set of rules 

[he 1957 Winter General Meeting has tol 
lowed the same practice as in the past, 1. 
presented subjects on heavy electric trac 
tion [hese sessions is in the past have 
drawn a large number of AIEEE members 
particularly in the railroad held from all 
over the country and including our Cana 
dian members. It is felt that there is much 
in the foreign field of railway electrification 
to be learned by the American engineers 
therefore the Committee recommends papers 
in this field and cordially invites authors 
throughout the world to participate in this 
endeavor 

An attempt is being made to present 
papers of light traction subjects at the 1957 
Summer General Meeting’ in Montreal, 
Que., Canada, a theme which proved fruit 
ful at the 1956 Summer General Meeting in 
San Francisco, Calif. In the light traction 
field there is a tremid towards the elimina 
tion of street railroad lines and continued 
interest has developed along the lines of 
rapid transit systems. Several of these sys 
tems are taking shape and producing results 
in various citie 

Ihe High Speed Train Resistance Sub 
committee has not had the opportunity to 
make actual experiments due to the lack 
of funds. It is, however, collaborating with 
similar Committees of the American Societs 
of Mechanical Engineers and the Associa 
tion of American Railroads. Members of 
these Committees teel that b making 
known data available to all will do much 
to achieve the objectives of the group 

Ihe Summer Session in San Francisco 
Calif was well attended, but the Commit 
tee Meeting needed greater support I he 
Session at the Fall General Meeting in Chi 
cago, Ill, was as usual given good attention 
ind the membership turnout at the Com 
mittee Meeting was most gratifying \s 
usual, the Land Transportation Sessions at 
the 1957 Winter General Meeting drew the 
greatest attention of the year and the Com 
mittee Meeting was well attended at which 
time plans were made for the future 

Ihe New York, New Haven and Hart 
ford Railroad is now receiving delivery on 
light weight high speed trains to operate 
between Boston, Mass., and Grand Central 
Ferminal, New York, N. Y. The power for 
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]. S. Thompson Honored 


J. S$. THOMPSON (left), president, Federal Pacific Electric Co., received a watch on the occasion 
of the 50th anniversary of the company. Mr. Thompson (F '38) built the first high voltage 
switches produced by the Pacific Electric Manufacturing Co., a predecessor company, in 1906 
Presentation of the watch was made by L. P. Shelley (right), western regional manager for 
Federal Pacific Electric, at a dinner held in the Terrace Room of the Fairmont Hotel, San Fran 
cisco, Calif. Mr. Thompson roceived hearty congratulations from guests of honor including N. R 
Sutherland, president of Pacific Gas & Electric Co.; L. W. Cole, chairman of the board and T. M 
Cole, executive vice-president of Federal Pacific Electric 





Arkansas Section Meet ing 


subsides | cv 
ce LA ils 2 


ONE OF THE RECENT monthly meetings of the Arkansas Section was devoted to the subject of 
upgrading the membership to the status of professional engineers and, in general, the ways 
by which this could be accomplished. Among those participating were (left to right) Ward 
Goodman, chief engineer, Arkansas State Highway Department and president of the Arkansas 
State Society of Professional Engineers; V. E. Scott, secretary, Arkansas State Board of Registre 
tion for Professional Engineers; R. H. Boyd, Southwestern Bell Telephone Company, Section 
chairman; and R®. J. Rhinehart, Arkansas Power & Light Company, national president of the 
National Society of Professional Engineers 
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Whe thie 
rritory of the New ‘ k Central 

Hl be equipped to continue 
St. on third rail, 600 volt d-« 
[his arrangement is unique in that 
the first time in electric traction hi 
0 throughout the world) that such an 
nangement has been | 


ipplics 


to high speed 


anger ttain 


Industry Division 


Rectifiers 
Dillard 


Secretar 


Committee on Industrial Power 
J}. B. Pitman, Chairman; J. kb 
ce Chairman; \. Langloi 
orkin youp of the Committee on In 
trial Power Rectifiers has just completed 
American Standard 
Poo! Cathode Mercury-Are 


Converter This is first revision 


first revision ol 


149 for 


issued 


been approved 


‘ tandard ince the eve 
1949. The ve 


visions have 
membership of the Committee on 
Industrial Power Rectifiers and are now be 
ng submitted to the Standards Committee 


for their approval. [If approved by the 


Committee, the ultimately will 


American Standard 


yiandara 
“ issued as an 


fhe 1957 plans for this Committee in 
held at the 


Montreal, 


clude a technical session to be 


summer General Mecting im 
QOue., Canada, in June 

[here also will be a conterence pon 
ored jointly by the Committee on Metallic 
held 


econd conte 


Committee, to be 
nm pune This will be the 


initiated in Pittsburgh, Pa 


Rectiter mad thi 


ola seri 
Phe program together with further 


details, will appear later 


Feedback Control Systems Component Speci 
Subcommittes Harold 
saiman R (, Beadle Secretary) In 
field of feedback 

placed on the 


fications Chestnut 


creasing emphasis in the 


control system i bem 


tems aspects of the problem through 


ilytical and computer studies. In many 


es the systems have assumed such mag 


itude and complexity that an organization 


or group concerned with the system design 
may be somewhat removed trom the design 


ov detailed operation of the specitic compo 


nent involved, Inasmuch as the perform 


mce ol the ystem is directly aflected by 


the performance of it COMponents, 1 bs 


important that the methods for detming 


describing, specifying ind testing feedbact 


control system comoonent receive proper 


iitention, A step in this divection is being 
Symbolism and 


Feed 


Committee of the 


takem by the Definitions 


Specifications Subcommittee of the 
back Control Systems 
Alkt Phi 


done in 


work on control components 
beimg 


\Iht 


from 


conpunction with other 


committees as well as representatives 
such as the 
Mechanical Engineers 
ASME), Institute of Radio Engineers (IRE) 
ISA), Amer 
ALA), Society of 
\utomotive Engineet SAI md Americar 
Standards Association \SA 


other technical socities 


American Society of 


Instrument Society of America 


koan Institute of Architects 


hor some time now representatives of 


ASA, as well as numerous of the technical 
feedback 


work ng on the 


societies concerned with control 


estab 
feedback 


been 


letter 


systems have 


lishment of symbols for 


160 


control tem term Po accomplish this it 


ha been necessary to. establisl clearly 


fundamental concepts It was found that 


detine, and describe 


forth the 


the best iy to identity 


these concept and set relation 
ship ithin a feedback control system was 
block 


diagram of a teedback control 


by means ot a basi 


blo« b 


tem and it issociated definitions, sym 


diagram, The 


basi 


bols, rules for handling symbols, have been 


et forth in the American Stand 


Feedback Con 


proposed 
Symbols for 
VIO13-195 


Phe Components Specifications Subcom 


ivd for Letter 


trol System 


mittee has sought to build on the detini 
block 
ideas of ¥/0./3-195 by extending those con 


tions, letter symbols, and diagram 


cepts which are pertinent into the specifica 
feedback 


preliminary purposes, the 


tions of variots control system 


components, For 
control 


ystem components have been dis 


ided into such generic categories as signal 
clements 


Although 


for more than one of these categories 


amplifiers, and power clements 


some components may be used 
there 
appear to be no objections to these general 
Classifications 

The tollowing is a summary of the ob 
jectives of Components Specifications Sub 
COTM tes 


] kor each 


should add to and 


component, the Subcommittes 


consolidate existing 
pecifications to indicate the dynamic and 


other characteristics which the system de 


Sivrner needs 
2. It there are no existing specifications on 


a riven component, the Subcommittee 
should work with the appropriate technical 
committe 


where teasible, 


to prepare these specifications 
methods for testing a 
should be 


Subcommittee so that the 


COMM ponent 
indicated by the 
desired charac 
teristics are 
1. The 


educate 


properly obtained 
Subcommittee 
both the 


should endeavor to 
system designer and the 
component designer as to the information 


required for component specifications and 


system cde sign 


Currently, the Components Subcommittes 
is subdivided into small groups which are 
working on specifi components as follows 
Synchros—I j 
san, department of electrical engineering, 
Ann Arbor, Mich M. Goldberg, Naval 
Department, BuOrd Code RESID, Wash 
ington 25, DA 
P. Spink 


poration 


Kazda, University of Michi 


Gyros Westinghouse Electric Cor 
Friendship International Air 
port, Baltimore 27, Md.; Robert Keeler, 
Minneapolis- Honeywell \cro 
Minneapolis, Minn 

Two-Phase Servo Motors—T. A 


Servo ¢ orporation oft 


Division, 


Westover 
2020 Jer 
Park, N.Y 
Manutactur 
Racine, Wis 
General Electric 


America 
icho Turnpike, New Hyde 
W. D. Jefferson, John Oster 
ing Company, | Main Street 

DC Moto R.G 
Gompany, Systems 


dead 
\pplication Engineer 
ing, Schenectady, N.Y l I 


Westinghouse 


Stringel 
Electric Corporation, Metal 
Working Section 
Hydraulics 
tric, aireralt department, One 


Road, Schenectady, N.Y \ \ 
Seleno, Vickers Incorporated 


Pitstburgh, Pa 
Warren Gaines, General Elec 
products 
River 
Administra 
tive and Engineering Center, Detroit $2, 
Mich 


Transformers and 


Db. Dd 


Maynett Ion plifiers 


Pidhayny, Ramo-Wooldridge 
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Arbor Vitae, Los Calif H. © 
Trueblood, Ramo-Wooldridge, 5730 Arbor 
Vitae, Los Angeles, Calif 
Hydraulic Components i} 


reau of Standards 


Angeles 


S. Sherrard, Bu 
United States Depart 
ment of Commerce, Washington 25, D.C 
ID. ¢ Morin, Blackhawk 
Company, Industrial 
Milwaukee, Wis 
Potentiometers and Pick-ofjs—- W 
Perkin-Elmer 
ind) Optical Division, Norwalk 
J. A. Mitchell, Hughes Aircraft 
Systems Development 
City, Calit 
Accelerometer Integrators, and Precision 
Powe Supplie \ Paternini, Bell Ai 
craft, P. O tox No. 1, Bullalo 5, N.Y 
Inalog-Digital and Digital-Analog Devices 
( H Westinghouse Electric 
Corporation 


Manufacturing 
Hydraulic Control 
Miller 
Corporation, Engineering 
Conn 
Weapons 


Laboratory, Culver 


sJaldwin 
Younewood Pa 
\ progress is made with the specifications 
ol these 


of the 


various components, the members 


subcommittee may change in their 
components of interest 
Comments and 


the work of the 


suggestions for making 


Subcommittee more eftec 


tive to systems designers and component 


manufacturers will be welcomed by the 
Subcommittee and should be addressed to 
Harold Chestnut 
One River 


Information 


General Electric Com 
Road, Schenectady, N.Y 


relating to the 


pany 
work 


being 


done on specific clements should be di 


rected to the individuals working on the 


spe hie components 


Power Division 


Committee on Transformers (]. R 
Chatrman 1) L. 
Cc. W. Miller 


mecting mm 


Meador, 
Levine, Vice-Chairman; 
Secretary). At the Committee 


loronto, Ont., Canada, on Ox 


tober 25, 1956, reports of the seven subcom 


mittees were given and discussed 

Additional dielectric test tables for Amer 
ican Standard C57 in the new format have 
Standards 
Committer \n analysis of the use of dif 
ferent BIL's tor 


transiormers, 15 ky and 


been ipproved and sent to the 


power and distribution 
below, has been 
prepared and probably will be published 
after being revised to take into account dis 
cussion at the Committee meeting 

Work is continuing on the preparation of 
a Guide for Impulse 


lesting. Switching 


surge tests and tests for corona, or ioniza 
tion, are under discussion 
\ Working Group on the Adequacy of 


Present Tests on Bushings has been very 


active, and a first draft of proposed changes 
has been prepared 

Progress is being made in the revision 
of the Guides for Loading Oil-Filled Trans 
eflort to make the 
usable. A 


working on a similar Guide for 


formers This is an 


Guides more separate group ts 
Dry-Type 
lransformers 

Additional progress was reported in sev 
eral areas on the functional evaluation of 
insulation systems 

The Guide for the Maintenance of In 
sulating Oil has now been published for a 
one-year trial period, and comments and 


suggestions are solicited. A similar Guide 
for Askarel has reached the first-draft stage 

The West Coast Subcommittee continues 
its active interest in all of the varied proj 


ects of the other subcommittees 
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Science and Electronics Division 
Solid-State Devices Committee (|. P 
Chairman; § ] 
Cc. 3 
State 


Jordan 
Angello, Vice-Chairman 


Spitzer, Secretary Since the Solid 


Devices Committee acts largely as an 


administrative and review body for the ac 


tivities in the subcommittees, this report 


will concern itself with their activities 


These subcommittees are all joint with the 


Radio Engineers IRf and 


operate with dual chairmen 


Institute of 
This organiza 
tion has proved quite efhcient in handling 
TEI 


activities is ot equal 


the technical needs of the where the 
technical 


AIEE and IRI 


Devices 


scope of the 
importance to both 
Subcommittee 
AIEEE; Dr 
This Sub 


Semiconductor 
(Dr. S. J. Angello, Chairman 
J. M. Early, IRE) 


committee is active In sponsoring the Semi 


Chairman 


conductor Device Conterence each spring 


and always least one session 


Winter 


sections of the 


sponsors at 
Meeting. To date 
Stand 


at the General 


three Semiconductor 


ards have been completed and approved by 


the Standards Committee These cover deti 


nitions of terms, general methods for test of 


semiconductor devices, and standards on 


point contact transistors for large signal 


application, Present activities include com 


pletion of standards on methods of test for 


junction semiconductor device for large 


signal application symbols for 


devices, and 


graph 
semiconductor standards on 
semiconductor diodes tor electronic uses 
Dielectric Subcommittee H 
AIEI ( \. Rosen 
This Subcommittee vith 
May 


Magnetics 


Devices 


Epstein, Chairman 


Chairman—IRfI 


segments of the Subcommittee on 


netic Devices Is organising i 


Dielectrics, and Dielectric Devices Confer 


ence to be held at the Catholic University 


because 


in Washington D. this springs 


there is considerable feeling that sucl ' 


need, it is 
allair if 


conterence is large 


conference will fill a definite 


planned to make this an annual 
attendance at the first 
Subcommittee 
Winter 


session at 


enough. In addition, this 


sponsors at least one session at the 


General Meeting and usually a 
one other general meeting throughout the 


year. Considerable progress has been mace 


Bimonthly Publications 


The bimonthly publications, Communi- 
Applications and 
Ipparatus and Sys 


cation and Electronics, 
Industry, and Power 
lems contain the formally reviewed and 
approved numbered 
General and District meetings and confer 
ences. The publications are on an annual 
subscription basis. In consideration of 
payment of dues, members (exclusive of 
Student members) may receive one of the 
three publications; additional publications 
are offered to members at an annual sub 
scription price of $2.50 each. Nonmembers 
may subscribe on an advance annual sub 
scription basis of $5.00 each (plus 50 cents 
for foreign postage payable in advance in 
New York 
available, are $1.00 each. Discounts are al 
lowed to libraries, publishers, and subscrip 
tion agencies. 


papers presented at 


exchange). Single copies, when 
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on a glossary of terms and definitions and 


the Subcommittee expects to start work 


shortly on methods of test for certain s« 


lected devices 


Subcommittee on Magnetic Devices. This 


Subcommittee has been imactive since its 


formation and is at present being reorgan 
ized 
It has come to the attention of the parent 


Committee that a number of components 


used in electronic applications appear to 


have been neglected standardwise, A prime 


example is that of transformers tor elec 


tronic applications and a Subcommittee is 


being organized under the Electronics Com 


mittee to initiate standardization activities 


in this field. However, a somewhat super 


ficial review of other electronic components 
indicates the possibility that a similar situ 


ation exists tor such components as Varisters 


thermistors pulse forming networks, time 


delay relays, timing monitors, choppers 


servos, syncros, magnetic memories, rotary 


switches, heads, telephone type filters. Com 
Institute 


ments by the membership on the 


need for such standards would be appre 


ciated 


Joint Division Committee on Automation 
and Data Processing, (G. W 
Chairman; 1. § 
R. S 


jectives of the 


Heumann 
( oggeshall Vice-Chatrman 
Gardner, Secretar One ot the ob 
Joint Division Committee on 
Automation and Data Processing is to give 
proper publicity to the work which is done 
by AIEEE in this field. The 


tion’ has a 


word “automa 


certain emotional appeal and 


activities devoted to this subject are draw 
ing attention 
automation has been 


Publicizing over 


done in some quarters and many chgineers 
ire getting tired of meetings which hit the 
high spots and get lost in generalities. What 


design, application, and operating engineers 


a 


Membership in the American Institute of Elec- 
trical Engineers, including a subscription to this 
publication, is open te most electrical engi- 
neers. Complete infermetien as to the member- 
ship grades, qualifiications, and fees may be 
ebtained from Mr. N. S. Hibshman, Secretary, 


33 West 39th Street, New York 18 N. Y 


a 


are looking tor are technical programs ‘ 


voted to the presentation of tangible tect 


nical information on automation tools and 
their application 

Many papers 
will be ALE 


deal with automation problems. An exam 


technical have eCn 


resented at mectings wi 
! 

ple is the Conterence mt 
Machine 
October 


program of the 
fools held in Cincinnati, Ohi 
22-24 

It is the belief of the Joint Division Com 
mittee that credit could be \Ih? 
if the contributions of its members toware 


iutomation problems 


ained tor 


were "wen proper 


steps have | 


following een 


publicity I he 


suggested 


1. Feature the term tutomation 
ol papers wherever applicable 
Group papers dealing itt 


buitot ition 


subjects and use the term 1utomation 
isa theme tor technical sessions wherever 
ipplicable 
Properly highlight automation actis 
in Lechnical Committee 


Board of 
Activities 


reports to the 
Directors and in “Committee 
appearing in hLlectrical 1 
ieerin 
Co-operate with the 


A\IkI tatl im @i ing 


prope recognition to automation actiy 
ities in advance publicity tor and reports 
on technical meetings and special tech 


nical conterences 
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G. W. Clothier 


transforme! 


(AM °36, M ‘42), manager 

Allis-Chalmers 
Milwaukee, Wis 
Allis-Chal 


mers motor and generator department, Mr 


department 
Manufacturing Company 


has been appointed manager of 


Clothier is an electrical engineering gradu 
Washington. He 
Allis Chalmers trans 


ate of the University of 
had been manager of 
former department since 1947. Prior to that 


he had been engineer-in-charge of trans 
Allis 
Clothier is a member 
Society of Milwaukee. He 
AIFF 


1947-52 


former sales for six years. He 
Chalmers in 1936. Mr 
of the 


served on the 


joined 


Engineers 
Committee on Trans 


formers 


Paul Hiza 


Laboratory 


AM ‘52), test manager, Testing 
Machines 
Endicott, N. Y has 
assistant 
Laboratory Mr 
chanical engineering at the 
sion School. He holds a technical diploma 


from the IBM School for the completion of 


International Busines 
IBM) 


appointed 


( orporation 


been manager of the 


Hiza studied me 


Cornell Exten 


lesting 


15 units of credit and has been an instructor 
Schoel Mi 


October 


Engineering 
IBM in 


operator in the 


in the Customer 
Hiza 


began as a test 


who joined 


Institute Activities 


Laboratory. Later, he advanced to techni 


cian, then technical engineer, and in July 


1952, became a technical assistant to the 
manager of the 
at IBM 
1954, he 


manager in the 


product testing 
World Headquarters. In 


returned to Endicott, N. Y is test 


cle partment 


bebruary 


Il esting Laborator 


P.M 


ministrative 


Klauber (AM ‘42, M ‘49 
engineer, Solar 
Calif has 
chairman of the San 
Soaety ot 


chiet ad 
Aircraft 


Com 


pany, San Diego been named 
Diego Section of the 
Enginees Mi 


Klauber received an A.B. degree in enginees 


Automotive 


ing from Stanford Universit 1957. be 
was employed for seven years by the 


eral Flectri Schenectad 


Company in 
N. Y., and has been at Solar since 
is a member of the American Societ of 
Mechanical Engineers and the Institute of 


Acronautical Sciences 


J. E. Lagerstrom (AM ‘47, M 

professor of electrical engineer 
Ames 
assistant to the dean of engir 
college. He 


A member of the facult 


State College lowa, ha 


began his new 





Lagerstrom will continue with some teach 
Galesburg, Ul, Mr 


Omaha Neb 


ing duties, Born in 


Lagerstiom lived in from 
1936 to 1942, and took his first two years of 
undergraduate work at the University of 
Omaha. In 1944, he received the B.S. ce 
gree in E.E. from lowa State College, and 
in 1951 received the M.S 


censed professional engineer in Lowa. He 


degree. He is a 
i 
has served both as secretary and as chai 
man of the AIK} 
a member of the honorary societies of Eta 
lau Beta 
Pi (engineering), Phi Kappa Phi (scholar 


lowa Section. He is also 
Kappa Nu (electrical engineering) 


hip), Pi Mu Epsilon (mathematics), and 
Knights of Saint Patrick (engineering ac 
During World War Il, Mi 
trom served from 1944 to 1946 with the 


tivities) Lage! 
Air Force where he was a 8-29 tail gunner 
He has served on the AIERI 


Transmission and Distribution (1952-57) 


Committee on 


George Friedl, Jr. (M_ "38) 


ind direstor of advanced planning, Lint 


vice-president 
\viation, Inc., has joined Litton Industries 


as a vice-president, A graduate of Cooper 
Lnion Institute of Arts and Sciences, School 

received a B.S 
‘ 


degree in 1928 and an E. EF. degree in 1951 


of Engineering, where he 
Mi. Fried] also took post-graduate work at 
Columbia University and at New York Uni 

ity Associated with General Precision 
(GPE) from 1957 


to 1950, he was president and director of the 


Equipment Corporation 


GPE subsidiary, Librascope, Inc before 
joining Link Aviation as works manager in 


195% He was 


manufacturing for Link in 1954, and: vice 


elected vice-president of 
president and director of planning in fan 
vary 1956. Prior to his association with vari 
ous divisions of GPE, he had been associated 

ith the Western Electric Company from 
1928 to 1987 in both engineering and in 
dustrial relations, in the United States and 


World War Il, Mr 
S. Navy, serving at the 


in England. During 
Fried! was in the t 


Naval Research Laboratory in Washington, 


OBITUARIES 


Henry Vander Bogert Erben (M ‘'45), retired 
vice-president of the General Electric Com 
pany, died recently at the age of 58. Mt 
N. Y¥Y. He 
was graduated from Yale University’s Shef 


Erben was born in Schenectady 


field Scientific School in 1919 with a degree 
in mechanical engineering. He joined the 
General Electric Company in 1920 as a stu 
dent engineer on the Test Course, In 1928 
he was transferred to the Apparatus Di 
vision of the central station department, In 
19539, after 


appointed assistant manager of the central 


successive promotions, he was 


station department and two years later he 
was made general manager. In 1948, Mr 
Erben was elected vice-president and general 
manager of the apparatus department, He 
was named executive vice-president in 1951 
and in 1954 he was appointed to head the 
newly formed Distribution Group 


Otto Lumley Giersch (M 40), system plan 
ning engineer, Duke Power Company, Chat 
lotte, N. C., died recently at the age of 55 
Mr. Giersch was born in Raleigh, N.C. He 
was graduated from the University of North 
Carolina with a B.S, degree in E.E. He was 


162 


employed by the General Electric Company 
until 1928 when he became associated with 
the Duke Power Company as relay engineer 
He was advanced to the position of assist 
ant planning engineer and later to planning 
engineer. Mr. Giersch served on the follow 
ing AIEF 
1951-53), Carrier Current 


Committees: Protective Devices 
(1951-52), and 


System Engineering (1955-57) 


Howard G. Krohn (AM '51), division engi 
neer, Commonwealth Edison Company, Pub 
lic Service Company Division, died recently 
Mr. Krohn was born in Hebron, Wis., De 
cember 10, 1901. He was graduated from the 
University of Wisconsin in 1924 with a B.S 
degree in E.E. In 1926, he joined the Public 
Service Company of Northern [linois as a 
field engineer. Later, he held the positions 


ol engineer, senior engineer, assistant divi 
sion engineer, and division engineer. Mr. 
Krohn was a registered professional engi 
neer in the State of Illinois and a member 


of the Western Society of Engineers 


"36, M ‘41, F 


electrical application 


rerry! B. Montgomery (AM 
49), chief engineer 
department, AllisChalmers Manufacturing 
Milwaukee, Wis., died recently 


at the age of 56. Mr 


( ompany 
Montgomery was an 
electrical engineering graduate of the Geor 
gia School of Technology. He had been 
closely associated with many of the foremost 
developments in the field of automatic con 
trol since his first association with Allis 
Chalmers in 1925. Although in recent years 
Mr. Montgomery had concentrated on steel 
mill control, his patents range from dust 
collector control to automatic waterwheel 
generator loading and included inventions 
for variable WR 


regulators, reel tension control for temper 


compensation on tension 


pass mills, and reversing cold mill control 
His affiliations included the Association of 
Iron and Steel Engineers. Mr. Montgomery 
served on the following AIEE Committees 
Industrial Control (1949-50); 
Metal Industry (1946-57, 
Standards (1949-50) Technical Program 
(1949-50); and Industry Division (1949-51) 


Mining and 
chairman 1949-51); 


Ernest Haskle Ownbey (AM ‘49, M °55) 
radio engineer for the Tennessee Valley 
Authority (TVA), died recently at his home 
in Chattanooga, Tenn. He was employed by 
IVA in 1936 and remained with them until 
his death, except for a period of time in 
which he served in the U. S. Navy during 
World War IL. Mr. Ownbey was chief of the 
Radio Section of the Communication Engi 
necring Branch and was responsible for the 
engineering of the 700-mile microwave sys 
tem in use by TVA. He was a licensed en 
gineer in Tennessee and was active in local 


AITEE affairs 


MEMBERSHIP 


Recommended for Transfer 


The Board of Examiners at ite meeting of December 
20, 1956, recommended the following applications for 
transler Any objections to these transfers should be 
filed at once with the secretary of the Institute. A state 
ment of valid reasons for such objections must be 
furnished and will be treated as confidential 


To Grade of Member 


Balili t acting 
Energy Center 


Union of Burma Atomic 
Rangoon, Burma 


lirector 


Kanbe 


Institute Activities 


Benda, H. W 
Southern Utilities Co 

Boughton, J. K supervisor, instrument maintenance, 
Goodyear Atomic Corp., Portsmouth, Ohio 

Carter, A. G., section engineer, Canadian Westinghouse 
Co., Hamilton, Ont., Canada 

Clark, R. A Jr., supervisory engineer 
Electric Corp., Pittsburgh, Pa 

Cunningham, ( f inspection & testing supervisor, 
Westinghouse Electric Corp 

Faytinger, R. D., sales engineer, General Electric Co., 
Pittsburgh, Pa 

Flowers, R. G., sales engineer, General Electric Co 


manager, engg. & construction, Lowa 
Centerville, Lowa 


Westinghouse 
Cincinnati, Ohio 


Shreveport, La 

Goldeand, W 
Louis, Mo 

Conzales, | 
York, N 

Hunter, W. F engineer & manager, Construction Div., 
Bryant Electric Repair Co., Inc., Gastonia, N. ¢ 

Janney, D. B., power distribution supt., Union Carbide 
Nuclear Co., Oak Ridge, Tenn 

Kelly, H. A., chief engineer, Wheeling Stamping Co. 
Wheeling, W. Va 

Klager, W. K Milwaukee, Wis 

Lapin, S. P., market development engineer, Matorola, 
Inc Chicago, I] 

Lipman, K., electrical engineer, Westinghouse Electric 
Corp., Pittsburgh, Pa 

Mahler, I W senior electrical engineer, Chemical 
Plants Div., Blaw-Knox Co., Pittsburgh, Pa 

MacCarthy, H. P senior engineer, Florida Pawer & 
Light Co., Miami, Fla 

Nelson, BE. A. A., Jr., engineer, Interstate Oil Pipe Lir 
Co., Shreveport, La 

Patterson, I A., 
British Columbia Power Comm 


engineer-in-charge, Powercraft Corp., St 


electrical engineer, Guy B. Panero, New 


Cutler-Hammer, Ine 


transmission development engineer, 

Victoria, B. C., 
Canada 

Persson J A research engineer 
Laboratories, Niagara Falls, N. Y 

Pillmore, G. A., application engineer, General Electric 
Co., Milwaukee, Wis 

Pohlman, J. ¢ chief electrical engineer 
Co., Chieago, I 

Priester, F. A., electrical engineer, lt S. Navy Mine 
Defense Lab., Panama City, Fla 

Qureshi, M. H 
of Engineering & Technology, Moghalpura, Lahore, 
Pakistan 

Schuh, N. F., Jr 
ment dept 
Ohix 

Shubert, W assistant principal electrical engineer, 
Blaw-Knox Co,, Pittsburgh, Pa 

Therkelsen, E. B., research engineer, Willow Run Lab., 
University of Michigan, Ypsilanti, Mich 

Underwood, W. H., load group electrical engineer, Long 
Island Lighting Co., Hickeville, N. Y 

Vitkus, A senior research engineer, Hubbard & Co., 
Chicago, Il 

Wenk, L. FE owner, Wenk Electric Service 
City, La 

Williamson 
Atlanta, Ga 

$2 to grade of Member 


Metals Research 
Hubbard & 


assistant professor, The Punjab College 


supervisory engineer, aircraft equip 
Westinghouse Electrie Corp., Lima, 


Bossier 


design engineer, Georgia Power Co., 


Applications for Elections 

Applications for admission or re-election to Institute 
membership in the grade of Member have been received 
from the following candidates, and any member object 
ing to election should so notify the Secretary before 
February 25, 1957 of April 25, 1957, if the applicant 
resides outside of the United States, Canada or Mexico 


To Grade of Member 


Atlanta, Ga 
Reliance Electric & 


Alexander, P., engineer, Georgia Power Co 

Bachynski, N 
Engineering Co., Appleton, Wis 

Browne, W. A., project engineer (electrical) 
Atlas Cement Co., New York, N 

Craiglow, L. H., supervisory electronica engineer, Griffiss 
Air Force Base, New York 

Dean, N. J member of Vechnical Staff The Ramo 
Wooldridge Corp 

Fingerle, W 
ford Conn 

Hijortsvang, H. 1., applications engineer, Lenkurt Elec 
trie Co., San Carlos, Calif 


branch manager 


Universal 


Los Angeles, Calif 
president, Budelman Radio Corp., Stam 


Jack A. P., supervising design engineer, Union Switch 
& Signal Div Airbrake Co Pitts 
burgh, Pa 

Jerson, T. J., motor project engineer, Apex Elec. Mig 
Co., Sandusky, Ohic 

Kool, 8. I supervising design engineer, Electro Metal 
lurgical Co,, a Div, of U.C.C., Niagara Falls, N. Y 

Manley, F A stall engineer, Stromberg-Carlson Co., 
Rochester, N. Y 

McLaughlin, manager customer sales, General Electrie 
Co., Schenectady, N 

Moss, K. S., project engineer 


Westinghouse 


American Smelting & 
Refining Co., Corpus Christi, Tex 

Pearce J. G 
Carleon Co 


engineering group head Stromberg 

Rochester, N. Y 

Pittman, P., field engineer, Earl Lipscomb Associates, 
Dallas, Tex 

Pollock, S. 1, electrical engineer, Dept. of Interior 
U. S. Bureau of Reclamation, Denver, Colo 

Raynor WwW K project manager Stevens & Wood 
Incors New York, N. Y 

Subrahmanyam, D. K., senior technical executive, Na 
tional Electrical Industries, Ltd., Bombay, India 

Thompson, GC J engineer N y Naval Shipyard, 
Brooklyn, N. Y 

Weybrew, T. I section manager, Westinghouse Elec 
tric Corp., Pittsburgh, Pa 

White J. § Ir electrical engineer, B. O 
Engineers, Inc Charlotte, N. ¢ 

21 to grade of Member 


Vannort 
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AIEE in 
Ohio Northern University 

















THE STUDENT BRANCH of the AIEE at Ohio 
Northeftn University, Ada, Ohio, was founded 
in 1912. It enjoys the dual distinction of being 
both the oldest technical society on the campus 
and the first AIEE Student Branch in the State 
of Ohio. 

At the time of its initial organization, the 
electrical engineering department contained 
only eight students. Today, the department 
contains 89 students of whom 60 are members 
of the AIEE Student Branch 

The Engineering College at Ohio Northern 
University, which is fully accredited by En- 
gineers Council for Professional Development, 
places a great deal of emphasis on student 
participation in organizations of this type. 

The chapter meets once a month for regular 
meetings and at other times for special meet- 
ings in order to supplement the material of- 
fered in the regular curriculum, 
















Foundation Announces Second a ee 


$30,000 


The Foundation’s program is designed to 


Series of Computer Center Grants strengthen basic research in a number of 


fields boy providing research investigator 





access lo Computing facilities. Only a fe 






large computing centers around the counts 






are available for basic research problems 








































THE SECOND in a series of grants in sup istry, and astronomy, the Moore School of ind these generally on a part-time basis 
port of computation centers and research in Electrical Engineering, and the School of only. Most computers are busy on a round 
numerical analysis has been announced by Medicine. Neighboring institutions which the-clock schedule on industrial problems 
A. IT. Waterman, director of the National expect to participate in the center are Bryn and problems related to defense contract 
Science Foundation. Grants totaling $250 Mawr College University of Delaware The general-purpose university computing 
000 were awarded as follows: Cornell Uni Swarthmore College Femple University laboratory does not have sources of support 
versity, $50,000; University of California ind Haverford College for basic research at present. Foundation 
‘ terkeley), $50,000; University of Pennsyl John von Neumann, now a member of assistance will help to establish or 
" vania, $70,000; Princeton University, $40 the Atomic Energy Commission, designed strengthen such general-purpose research 
000; and Stanford University, $20,000 the original high-speed computer now at laboratories 
. The Cornell grant is designed to support Princeton University which became the Foundation support for various aspects of 
the expanded research facility at the Uni prototype for all large machines with in computer research and training has been 
versity Computing Center which was used ternally stored programs. Research on stel worked out with the advice and assistance 
hy 26 departments and schools during 1954 lar evolution and nuclear physics will con of an Advisory Panel tor University Com 
55. Those which used at least 100 hours of tinue to employ the machine, while further puting Facilities, headed by John von Neu 
' machine time were: aeronautical engineer use is related to the design, construction mann, commissioner, Atomic Energy Com 
ing, family relations, industrial and engi and operation of a 3 billion volt proton ac mission. Other members of the panel ho 
neering administration, industrial and la celerator now under way at Princeton Uni represent a number of disciplines, are 
bor relations, mathematics, psychology, and versity H. LL. Anderson, Institute for Nuclear Stu 
plant breeding. The University of Rochester The grant to Stanford University will clic University of Chicago: J. G. Charne 
has used the Center a total of 400 hours. It support numerical analysis, application of School of Mathematics, Institute tor Ad 
° is expected that the Center will extend its computing machine methods to. scientifu anced Study; G. M. Clemence, director 
& services to other institutions located in the problems and training of personne] ims the Nautical Almanac, U.S. Naval Oblservaton 
region techniques of machine computing Fields in j.O Hirschfelder department ol chemistr 
The University of California grant was which the computer at Stanford University University of Wisconsin: R. I Meagher 
" made to help develop a computer laborators has had wide use include statistics, mathe department of physics, Universit of Ohi 
r on the Berkeley campus. A variety of scien matics, physics, engineering, and biochem nois; P. M. Morse, department of physics 
4 tific research under way at Berkeley requires istry Massachusetts Institute of Technology; J. B 
massive computation and includes such The first in this series of Foundation Rosser, department of mathematics, Cornel! 
’ fields as engineering, astronomy, genetics grants was announced September 10, 1956 Universit Martin Schwarzschild depart 
d, education, physics, mathematics, statistics At that time, grants totalling $135,500 were ment of physics, Princeton Universit bad 
and psychology iwarded as follows: California Institute of id Teller, department of physics, Univer 
Within the University of Pennsylvania lechnology, $38,000: Massachusetts institut sity of California; W. H. Munk, Scripps In 
‘ the computer center will be used by the de of Technology, $30,000; Oregon State Col stitution of Oceanograph md S. M. Ulam 
partments of mathematics, physics chem lege, $20,000 University of Washington Los Alamos Scientific Laborator 
G 
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FAP sa TPN baa ti al 


Graphical Solution 


of Servo Problems 


Db. SCOTI 


MANY SERVOMECHANISMS can be 
block 
equal tol. iti 


1 p 


esented by the diagram shown below 


ith A's and B 


Hecessa4rs to ¢ 


frequently 
xtend the band 


hich the 


frequency 


idth over \ output IS APPTOXt 


mately equal to the input and to decrease 


the difference between the input and output 
modification of 


olf the servomechanism by 


the system, This may be accomplished by 


lead 


diagram 


1's and 
I he 


determining 


lag and networks for 


block 


design problem | 


inserting 
i's in the respectivels 
one of 


of the 


then 


the circuit lead and lag 


orks 


palatine tel 


mes 


gi(S) — 
< 
— | 








By the modified 


can be 


graphical method the 
system made to satisfy three speci 
resonant frequency, the hay 


the 


fications: the 


nitude of the output-input ratio at 


resonant frequency and the static error co 


method of 


efficient author has developed an an 


alytical solution which can be 
conveniently programmed for a digital com 
The rapid operation of the computer 


the 


puter 


eliminates the principal cause for use 


of the graphical method and enables a more 
precise design to be made, In addition to 
mentioned the 


the 


the three specifications 


method requires that the phase angle of 


@o(S) 





B(s) 








determine the design 


It is 
by analytical methods, but graphical meth 


possible to 


ods are usually emplo ed because the solu 


tion of the problem is one of trial and error 


md the graphical methods are less time 


of Servomechanism 


Campbell.) 


COnSUTNINY 


(,. 5 


Prine iple 


and PD. P 


trown 


is a member of the Texas A&M Joint AIEE- 


til nt Hranet 


RPI Installs Cobalt-60 


Swimming Pool Reactor 
v 


IHERE IS a new switming pool reactor at 
Rensselact Poly techie Tristituite RPI 
which ha i small wlioactive cobalt pipe 


at the bottom emitting hundreds of billions 


of lethal gamma ta every second 


cobalt-60 inning pool reactor 1s 


some 20 similar installations through 


out the country. It designed for sate tests 


ol the etlects of gamma rays on biological 


md chemical specimens; ino the sterilizing 


of foods 


ment of plastics 


} 


and sealed drugs; and in the treat 


nthetic fibers, and many 


other industrial materials 
Research scientists of the Lnstitute have 
started using the tacility. Phew initial ex 


164 








output-input ratio at resonance be spect 


fied 


to wive 


The digital computer is programmed 
a complete family of values for the 
lead lag 


designer to. select 


networks 
the 


parameters of the and 


enabling the most 
desirable set. On a test problem, a set of 
parameter values was developed in less than 
one minute 

The author intends to submit a complete 
analytieal method of 


date 


description of the 


solution at a later 


periments have dealt with the effect of the 
Sterling 
had 


pool s capital cost 


radiation on viruses and 


Research 
provided $10,000 of the 


chsy thes 


Winthrop Institute which 


ind is contributing $15,000 toward operat 
ing expenses for the first three years is plan 


ning an extensive program ol experiments 


toth chemical and biological specimens wil! 
be exposed to the cobalt rays, says Dr. F. ¢ 
Nachod 


cal chemistry 


head of Sterling-Winthrop’s physi 
section and 
RPI 
facility by 


an adjunct pro 


lessor olf chemistry at 


Extensive use of the industrial 


laboratories and by hospital and medical 


r researchers is foreseen by Dr. V. I 


roup 


Llectrical Engineering Education 


Parsegian, professor of nuclear science at the 


Institute. Dr. Parsegian, a leader in propos 


ing the new facility for the Institute, guided 


the plans for the pool and its construction 
is administered by 


Its use the department 


of biology. 


With growing demand for its services, the 


power of the cobalt-60 swimming pool can 


be increased from the 970 curies of the pres 
ent source to as much as 5,000 curies by the 
installation of additional cobalt pipes and 


specimen holders at the bottom of this same 
Rach 
half-life of 

The cobalt pipe, recently installed at RPI 
a truck trip from the Brookhaven Na 
Long N.Y 
was prepared by the subjection of the pure 


pool cobalt source has a radiation 


5.3 years 


tional Laboratories on Island 


cobalt to the bombardment of neutrons in 


a Brookhaven nuclear reactor. It traveled 


N.‘ 
pig of lead 


to Troy in the center of a 4,000 pound 
This pig was removed by crane 
bottom 


Then 
the glowing pipe of cobalt was removed I 


from the truck and lowered to the 


of the 14 feet of water in the pool 
remote control and placed in the center 
cylinder of the sheet brass holder. 

Ihe cobalt pipe 
and about 2 inches in diametet 


is about 13 inches high 


The round 


pipe, less than a inch thick, is 


totally 


encased in a thin sleeve of stainless 


steel, The cobalt source stands snugly in the 


center recess of the brass holder. The cente: 
ol the pipe stands open for the insertion of 
a carrier holding specimens to be subjected 
to the intensified radiation from the cobalt 
all around it 

When it the 


top of the cobalt pipe glows with a blue 


is dark in laboratory the 
white intensity which spreads out over th 
top of the brass holder 

The brass holder, slightly deeper than the 


18-inch cobalt pipe, is watertight and ful! 
of air. It has a diameter of three feet and 
contains a variety of open cylinders into 
which round and watertight cases of thin 
copper can be lowered to force out the 


water and expose the enclosed specimens to 
the varying dosages of gamma rays. Intensit 
of the half for 


inches of distance 


rays decreases by a approni 


mately each five from the 
radiation center 


Any 


posure 


brief ex 
few of 


living organism dies from 


close to the cobalt 


pipe \ 


the gamma rays escape through the top of 


the pool but less of them than are normally 


in the atmosphere. The shielding water is 
1 feet deeper than the 10-foot depth re 


garded as adequate protection 

The concrete pool, six feet wide and eight 
the rock 
parking lot north 


leet long, is sunk in beneath the 


laboratory adjoining the 


of Sage Ave. The operator may stand on a 
movable metal bridge across the top and 
use cables to lower the specimen cases into 
the open cylinders of the holder. Four of 


the open cylinders receive Cases inches in 


diameter, 4 receive cases 5 inches in diam 


eter, and 17 are 3 inches in diameter 
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One of the cables from the top connects 
with a trapdoor in the bottom of the pool 
and this leads to a narrow shaft of water 
extending 17 feet below the bottom of the 
cobalt swimming pool, The cobalt pipe will 
be lowered into this bottom shaft when it 
is desired to empty the reactor and put in 
fresh water. The water in the pool is not 
contaminated by the gamma ray radiation 
but it could be replaced if by any chance 
some fissionable material should be brought 
into the pool on the metal shell of a radi 
ation source 


When the 


laboratory 


cobalt pipe arrived at the 


recently, the transfer from the 
hig lead pig required some delicate work, A 
screwdriver 17 feet long was used to take 
out the large screw at the top of the pig 
Another 17-foot tool with an expanding unit 
on the end, was used to remove a plug over 
the cobalt pipe. Then the expanding unit 
Was lowered into the pipe and it was raised 
slowly out of the pig and inserted into the 


center eylinder of the brass holder 


Six Universities Selected 
for Expanded ORSORT Program 


S R 


Energy 


manager of the Atomic 
Ridge 


Operations, has announced that six uni 


Sapirie 
Commission's Oak (Tenn.) 
versities have been selected for participation 
in a program designed to double the num 
ber of nuclear reactor specialists trained 
each year at the Oak Ridge School of Re 
lechnology (ORSORT) 


[he universities selected from among 44 


acto! 


which submitted proposals to the Commis 
sion in October were: Carnegie Institute of 
Pittsburgh, Pa.; Case Institute 
Cleveland, Ohio; Northwest 


Evanston, Ill.; University of 


Lechnology 
of Lechnology 
ern University 
California, Los Angeles, Calif University 
of Florida, Gainesville, Fla.; and Union Col 
lege, Schenectady, N. ¥ 

Mr. Sapirie said that two-year contracts 
negotiated with the 


will be universities to 


provide for concentrated courses of study 
designed to develop specific proficiency it 


chemistry, mathematics, physics, and engi 
neering for students accepted for ORSORI 
All proposals received from colleges and 
universities were satisfactory and the six s« 
lected were on the basis of being the most 
suitable to meet the short-term 
needs of the ORSOR I program 

Under the expanded ORSORT program 


the first six months of the one-year course 


present 


vill be given at the participating institu 
remaining six months at the 


National 


school for the 


tions and the 
Oak Ridge 


ope rates the 


Laboratory which 
Commission 
This arrangement will permit two classes 
of 120 students each to be trained each year 
Currently, only one class of 120 students 
can be accepted annually for ORSORT be 
cause of limited facilities at the Laboratory 

Mr. Sapirie pointed out that taking ad 


Fepruary 1957 


vantage of the educational experience of 
the academic institutions will permit a total 
of 480 scientists and engineers to be trained 
during the two-year period to meet in part 
the growing personnel demands by Govern 
ment and private industry for nuclear re 
actor programs 

The university phase of the program will 
unclassified material, but the later 
ORSOR 1 


jects and will be concentrated so as to take 


covet 
phase will cover classified sub 
advantage of the unique facilities and the 
latest technology available at Oak Ridge 
Each of the universities will be assigned 
a minimum of 20 students beginning in 
Successive classes 


February 1957 totaling 


120 students each will be assigned to the 


six universities in August 1957, February 
1958, and September 1958 

Applicants for ORSORT may state a first 
and second preterence tor the institution 
which they wish to attend for the first phase 
of training. The applicant's preference will 
be honored where possible, although appli 
cants may be assigned to any of the six in 
stitutions. 

Applicants for ORSORT are 


sponsored 


Education 


) 


by industrial firms or Government agencies 


Minimum academic requirements for ad 
mission are a bachelor’s degree in science 
or engineering, a course in ordinary ditter 
above-average 


for ORSORI 


are selected by a committee which includes 


ential equations, and = an 


scholastic record. Students 


representatives trom the Commission, the 
Laboratory, and the participating institu 
tions 

The charge for the Oak Ridge portion of 
the program now will be $1,500 Ihe fees 
for the university portion of the program 
will vary with the institution attended, and 
are designed to cover the total cost of the 
program at the particular institution, Phe 
range of fees to be charged by the univer 
sities will be $1,000 to $1,500. These fees 
will be paid directly to the schools in the 
form of tuition by the student or the spon 
soring organization. Currently the total 
charge for the ORSORI 

More than 450 students have been gradu 
ated from ORSOR I 


in 1950 at Oak Ridge National Laboratory 


course is $2,500 
which was established 


operated for the Commission by Union 


Carbide Nuclear Company 





An Electrical En 


A. C. MONTEITH (AM '25, M ‘40, F '45), vice- 
president, Apparatus Products Division, West- 
inghouse Electric Corporation, Pittsburgh, Pa 


young engineer entering the world 


The 
of commerce md = incustr today 1 pre 
sented with number 


breadth 


Opportunities in 

ind depth never encountered by 

other generations entering our profession 

\ i matter of tact, your services 

tively solicited. Most of you won't hi: 

look’ for a job 
And ina 


the heart of the short message I ant 


this brings me directly 


Electrical Engineering Education 


dividual 


gineer in Industry 


e to you. It is this: Don't lose your per 


spective because of the tremendous demand 


for your services. While getting a job today 
is ridiculously easy, making good it i 
just as hard and exacting as it ever was 


Many 


tribute to the degree of success of the in 


perhaps even more so! factors con 


engineer ind «these have been 
enumerated many times 

‘Active support and participation in your 
professional ywociet is one tactor someting 
overlooked IT hve Opportunities provided ly 
\IEF tor protessional growth and recogni 
directly trom 


tion are many I can speak 


personal experience on this point 


compan we support the doctrine 


every engineer who considers himself to 
i professional man has the obligation 
support at least one technical societ 
Dr. Monteith’'s 


ved at the 


formal education is re 


Ouecen's Universit of King 
ston, Ontario, Canada, where he achieved 
his degree in electrical engineering There 


Medal, a 


tudent receiving the hig! 


on the Governor arded to 


et Hnecrinyg 
pietiiog ind erites 
In October of 1948, he i 
Alma 


him with the degree of LL.D 


grace during his 


honored 


Mater when the presenter 


Dr. Monteith'’s extensive engineering an 


busine career began in 192% het hie 


joined Westinghouse iat Fast Pittshurg! 


Pa is 4 graduate student on the firm 


training program Ihe following vear he 


was assigned to the central station engi 


neering department where he became an 


165 








Electrical 


Engineering 


PT ead PATA 


expert in power Station auxiliaries power! 


tem transmission, distribution, and = re 
luted fields, He became manager of the cen 
tral station engineering department in 193% 


W hile 


warded the 


holding this 
Westinghouse Order of Merit 


vhich the com 


position he was 


n 1940, the highest honor 
pany can bestow on an employee 
In 1948, he wa 


charge ol engineering and rese arch and in 


elected vice president in 


the same year was named chairman of the 
Westinghouse Educational Foundation, Dr 
Vionteith assumed his present executive po 
ition of 


vice-president, Apparatus Products 


Divisions, in August 1955 


He ha 


ina erved as 


long been a member of the ATEI 
1954-55 


ear. He has served as a national director, 


President for the 


and has been chairman of several of the In 
titute’s committees, He is also a past-chair 
man oof the Pittsburgh Section. His other 
msociation activities include membership nm 
the American Society of Mechanical Engi 


nec which organization bestowed tipon 


him their highest award when he was 


clected an Honorary Member in 1953. He is 
i member of lau Beta Pi national 
honorary engineering society, and an honor 
iry member of Eta Kappa Nu, engineering 
fraternity 

Dr. Monteith has 


1D). Se. degree trom Latayette College 


received an honorary 
Kaston 
D.Eng. degree trom 
Phila 


a., and an honorary 
the Drexel Institute of Technology 
delphia, Pa 

He is the 


papers and articles 


suithor of numerous technical 
concemning powel SVs 
tem problems, and is a coauthor of the 
Transmission and Distribution 


Book 


reference by 


Llectrical 
widely used as an au 


both the 


Relerence 
thoritative power 


industry and the colleges of America 


Lehigh University Adopts 
Engineering Mechanics Program 


The establishment of a curriculum in 
chginecritiy mechanics starting m Septem 
ber 1957 leading to a degree of B.S, in engi 
neciiny Lehieh 


hus been announced by Dr, HL A 


miversity 
Neville 


number 


mechanics by 


provost, This wall bring to 10 the 
ol curricula in the College of Engineering 
ol which I \ 

Ihe faculty also 


Bewley is dean 
approved three new 
courses ino mechanics, Advanced Mechanics 
of Materials will be an 


theory of 


introduction to 
two-dimensional elasticity, the 


ories of tailure bending and torsion of 


pPrismatte bars principles of indeterminate 
analysis, and instability 
Mechanics of Con 


tinua” will be offered in’ two parts 


A course entitled 
Incor 
porated will be fundamental principles of 
the mechanics of deformable bodies, equi 


librium and compatibility equations, energy 


Education 


OTL ill. 





principles potential function, conformal 


representation, applications to the solution 
of problems in elasticity, hydrodynamics, 
and plasticity 

Dean Bewley pointed out that this will 
be a highly scientific curriculum. It con 
forms to the recommendations of the Amer 
ican Society for Engineering Education for 
more basic and fundamental approaches in 
chyimmeering 

In describing the new offerings, Dean 
Bewley said the curriculum is especially de 
signed for high grade analytical work in 
aircraft, automotive, and similar industries 
He said that it is significant in that twice 
as much mathematics will be required as 
in other engineering curricula 

Students enrolled in this curriculum will 
start with the uniform program for engi 
neering freshmen. The sophomore year will 
be devoted to courses in heat, sound, and 
light; engineering materials, calculus, eco 
nomics, physics, and statics 

Group options in the junior and senior 
years are intended to enable the student 
to correlate his theoretical training with 
engineering practice in a specific field or 
to carry & more intensive study of mathe 
matics, These group options will be in 
structural engineering, machine design, fluid 


flow, metallurgy, and mathematics. 


Two-Year Study of 
Physical-Science Teaching Begun 


A. T. Waterman, director, National Sci 
ence Foundation, has announced award of 
a grant by the Foundation of $303,000 to 
the Massachusetts Institute of Technology, 
(MIT), Cambridge, Mass., to support a two 
year study of physical-science teaching in 
secondary schools 

Some of the 
of the United States will serve on an, MIT 
sponsored committee, under the direction of 


foremost physical scientists 


J. R. Zacharias, professor of physics at MIT. 
The committee will make an intensive el 
fort to improve presentation of high-school 
subject matter in the physical sciences. The 
gioup will examine all possible means of 
improving instruction in the physical sei 
ences, realizing that this may lead to prep 
laboratory 


aration of new textbooks, new 


manuals new experimental equipment 
new teaching techniques, and extensive use 
of films. They will be aided by leading 
members of the faculties of the California 
Institute of Technology, the University of 
Ilinois, and Cornell University, as well as 
by representatives from the Bell Felephone 
Laboratories, who will attempt to outline 
materials necessary to accomplish the ob 
jectives of the project 


Dr. J. R. Killian, fr 


will be chairman of 


president of MIT, 


i larger group, com 


posed of scientists, high-school administra 


tors and teachers, representatives of state 


Electrical Engineering Education 


departments of education, and others, to 
make recommendations on 


acceptance and distribution 


advise, and 
problems ol 
“The 


need of teachers of secondary -school science 


Foundation has long realized the 


for better textbooks, better materials, better 
instruction techniques,” said Dr. Waterman 
in commenting on the MIT grant, “Teach 
ers need up-to-date tools to do a compe 
tent teaching job. We believe, however, that 
we must make a broad attack on the prob 
lem, rather than approach it on a bits-and 
pieces basis.’ 

“The Foundation is assured,” Dr. Water 
man said, “that leading United States citi 
zens in the field of education will be avail 
including, 
high-school teachers of physi 


able for this important job 
importantly 
fields of 


Pheis 


goal is to devise a practical program which 


cal science, and others in the 
science, industry, and communication 


will improve the general level of science 
better 
vanced work while not neglecting the val 


teaching, prepare students for ad 
ues of general education, and attract more 
talented students to science as a career 
Among the group who have been associ 
ated with Prof 
project are such outstanding men as Van 
Bush 
stitution of Washington 
president of Educational 
Princeton University; N. H. Frank, chair 
man of the physics department, MIT; F. I 
Friedman, physics 
MIT; EF. H. Land, Institute professor, MIT 


and president and 


Zacharias in planning the 


nevar president (ret.), Carnegie In 
Henry Chauncey 


Testing Service, 


associate professor of 


director of research, 


Polaroid Corporation, Cambridge, Mass 
Morris Meister, principal, Bronx High 
School of Science, N. ¥ Walter Michels, 


Bryn Mawr 
College; Edward Purcell, professor of phys 
ics, Harvard University; I. 1. Rabi, Institute 
professor MIT, and professor of 
physics, Columbia | niversity. 


head of the science department 


(visiting), 


Applications Now Accepted 

for AEC Fellowship Program 
Applications are now being accepted for 

participation in the program of special fel 

lowships in nuclear energy technology re 


cently announced by the [ S. Atomic 


Fnergy Commission (AEC). The program 
has been established by the AEC to encour 
age qualified students to pursue courses of 
study in the fields of nuclear science and 
engineering 


the AKC 
the field of education, with the goal of les 


The fellowships are part of 
general program of assistance in 
sening the manpower shortage in the area 
of nuclear energy technology 

administered by 
the Oak Ridge Institute of Nuclear Studies 
(ORINS) 
cial fellowships in radiological physics, the 
special 


The program will be 
which now administers the spe 
hygiene 


fellowships in industrial 


ELECTRICAL ENGINEERING 





Electrical 


Engineering 


TP em TN at 


and the ORINS graduate fellowship pro 
gram for the AEC, 

The fellowships are open to students with 
the bachelor’s degree in engineering, chem 
istry, mathematics, or physics, who have 
completed a course in ordinary differential 
United 
be granted fellowship 
clearance by the AE( 
appointments become effective 


equations. Applicants must be 
States citizens and 
Before fellowship 
the appli- 
cant must be accepted as a graduate stu- 
dent, as a candidate for a master’s degree, 
by an institution offering the necessary pro- 
gram of study. 

Ihe AF¢ 


grams of graduate study 


is making a selection of pro- 
which meet the 
fellowship requirements. Institutions offer- 
ing these programs will be listed with the 
application forms and applicants may 
choose their institutions from this list. 
The program of study will include the 
following courses: nuclear physics, nuclear 
reactor analysis, nuclear reactor technology, 
radiochemistry and reactor materials, and 
advanced mathematics 
Fellowships will be awarded for one 
year’s study. The fellowship award carries 
a basic stipend of $1,800, with an additional 
allowance of $350 for a spouse and $350 
each for a maximum of two dependent chil 
dren. The award also includes the payment 


of normal tuition, required fees, and a 
travel allowance of six cents per mile for 
the fellow (not dependents) from his place 
of residence (or application) to his uni 
versity. Fellows are expected to devote all 
their time to study and research and may 
not engage in work for remuneration, or 
receive aid from another scholarship, fel 
lowship, or similar grant during the term 
of this fellowship, 

Nuclear 
Fechnology Fellowship may be obtained 
from the Fellowship Office, Oak Ridge In- 
stitute of Nuclear Studies, Post Office Box 
117, Oak Ridge 
tions, supporting letters of reference, and 
ORINS not later 


than February 15, 1957, to ensure 


Applications for the Energy 


Fenn, Completed applica 
transcripts must reach 
consid 
eration. The final selection of candidates 
will be made by a Fellowship Board, and 
appointments will be 


March 15, 1957. 


announced about 


Model Reactor at VPI 

Aids Nuclear Training Program 
An electronically controlled model reactor, 

imitates the behavior of 


which precisely 


an actual reactor, is now in use for training 
and research at one of the nation’s leading 
technical colleges. Known as a nuclear reac 
tor simulator, the device is the latest means 
to help reduce the critical shortage of 
trained nuclear scientists and engineers and 
to facilitate research on industrial applica 


tions of atomic energy. 


FEBRUARY 1957 


Phe nuclear reactor simulator is in oper 
laboratory of 
(VPI) where 
20 graduate engineers are taking a newly 


ation at the atomic energy 


Virginia Polytechnic Institute 
inaugurated course in nuclear engineering 
It is the first equipment of its kind to be 
installed in any educational institution, D 

LAN) 


veloped by Leeds and Northrup Co 
Philadelphia, Pa., 
mati« 


manutacturer ol 
instruments and controls, the simu 
lator consists essentially of an electronic 
analog computer, a control console, and a 
model of a reactor core. ‘The computer con 
tinuously solves the differential equations 
that represent the kinetic 


nuclear 


operation ot a 
reactor Ihe control rods in the 
model core respond to the signals from the 
computer so that the operator can see the 
effects of his control actions 

Ihe VPI simulator is similar to a unit 
which L&N built last year for Atomic En 
Atoms for 
Switzerland 


ergy Commission use at the 


Peace” Conterence Geneva 
Along with a newly built natural uranium 
exponential reactor, the simulator at VPI is 
being used for training graduate engineers 
in nuclear theory and operation as well as 
for many kinds of research for all industries 


interested in atomic energy. 


X-Ray Diffraction Data 


Offered at Special Prices 


The American Society for Testing Mate 
rials (ASTM) is now offering to colleges 
and universities at 80 per cent discount from 
the list prices the X-ray diffraction Data 
ASTM 


Card File published by Discount is 


THE FIRST nuclear 
reactor simulator for 
training and research 
in the United States 
is shown in operation 
at the atomic energy 
laboratory of Vir- 
ginia Polytechnic In- 
stitute. J. W. Whitte- 
(upper left), 
dean of Engineering 
and Architecture, and 
Dr. T. M. Hahn, Jr. 
(right), head of Phys- 
ics and 
Engineering Physics, 


more 


Nuclear 
observe as a gradu- 


ate engineer oper- 
ates controls 


klectrical Engineering Education 


offered on the basis that the card file 
will be used for classroom instruction. A 
certification to this effect will be necessary 
in order for the special discount to ipp! 

ASTM acts as business agent for the Joint 
Analysis by Pow 


Methods, which has com 


Committee on Chemical 
der Dittraction 
piled data for the identification of approx 
imately 5,000 crystalline materials by the 
Hanawalt Method. The 
American Crystallographi 


Phys 


Joint Committee is 
sponsored by the 
Association, the British Institute of 
ics, the National 
Engineers, and ASTM. The data have been 


Association of Corrosion 


collected from industry, literature, and lab 
oratories and are available on plain 3. by 
5-inch cards, 4- by 6-inch Keysort cards, and 
standard IBM Kevysort 


have the Keysort coding around the bordet 


cards I he cards 
with holes punched but not notch coded 
Instructions for coding are supplied with 
the Keysort cards 

Beside the great demand for this data by 
research laboratories, geological and re 
search departments of universities, Govern 
ment and industrial laboratories in the 
United States and Canada, this X-ray Dit 
fraction Data File is being used by many 
laboratories in Great Britain, France, Italy 
Sweden, Switzerland 


Africa, Australia 


Germany, Belgium, 
South America, Indonesia 
Malaya, and Japan 

Ihe editor of the card file is Dr. G. W 
Brindley, of the Pennsylvania State Univer 
sity. Associate editors are: Dr. Benjamin 
Post, Polytechnic Institute of Brooklyn; Di 
Sigmund Weissman, 
and Dr. L. G. Berry 


Several research associateships at 


Ruigers University 
Queen's University 
Canada 
the National Bureau of Standards have been 





Eliectrical 


| Pewee 


he Committee tor the re 

i election, and preparation of ne 
patterns of standard materials as required 
Literature and schedule of price of the 
X-ra Diffraction Data Card File will be 
riting the X-ra 
Societ for | esting 


Philadelphia 3, Pa 


furnished b Department 


Materials 


\Vimerican 


1916 Race St 


CU Offers Graduate 
Study Program for NSA 


leading to the ce 


program of stud 

master of electrical engineering | 

being ollered by the Catholic Univer 
America cl lo the 


\wom NSA 


National 
Washington, DA 
{ 


ollered tor newly recruited 


Sil a 
ecurit 
I hie program i 
ANCES ho are tull-tine cmployees ol 
wen in order to extend an opportu 
anced stud n the field of clec 
engineering as well as tor training in 


! research 


method i tivation ane 

taught iD revulat tall 
mem ersity ftacult are: elec 
tric circuit anal mathematics tor engi 


engineering and = solid 


nec miciwo ive 
tate engvinecring These graduate courses 
normally 4 ab to students who have 
reat | lache degree in physics on 


nitiall ith the University a 


nuyimeecrng tucdent is n 


rolled a Spe 
cial student, The NSA sponsors the student 
ithe tall pa mid tuition tor the first seme 
ter COUTSE \ student ho successtull 
completes the tour course nthe first semes 
cholastic grade of Bb” or bet 

continu hh tudies on-campu 

he master of electrical engimecring 
troche are 


part of the NSA Graduate Studies 


Hlowever continuation 


ram and must be taken at the student's 
under some other 


program offered by NSA 


‘ ense Ol sponsorship 
| | 


Present plans call 
for repeating the program during both the 
first and ! 


econd semesters 


NYU Will Offer 


Evening Electronics Courses 


Pransistor 


Applications in Modern Elee 


trom i one ot nine evening electronics 


course to be ollered during § the spring 


semester at New York University’s NYl 
Division of General Education, Dean P. A 
McGhee has announced 

The courses—all of hich meet for 15 
weet beginning in early February—are in 


tended tor adults interested in) industrial 


electronics, Instructor will be professional 


engineers from the executive ranks of in 
dustry 

The transistor taught by 
Marvin Meth of the Radio ¢ orporation of 
RCA) Laboratories in New York 


N.Y., deals with the application of transis 


COUTTS to " 


America 


168 


ws to switching problems and amplifica 
0 portable AM and FM radio 


computers, and other electronic 


hion and 
television 
devices 

I he other electronics courses are Ele 
Mondays: El 
ments of Radio Tubes and Circuits, Mon 
Radio 

Industrial Elec 


ments of Electrical Theory 
ciaNs and 
Circuit I! Thursdays 
Wednesdays 


I clevision 


Thursdays Pubes and 


tronics Television Circuits 
Friday 


Circuit 


Transmitter and UHI 
Mondays UHI and 


Communication 


Microwave 


Systems Mondays and 


Logical Design of Computers, Tuesdays 


! certificate is awarded to stu 


A specia 
dents completing any four courses in the 


electronics curriculum, which is part of the 


Division of General Education's Program 


ot Technical Studies The program also of 


fers basic courses in technical drawing 


mathematics, physic blueprint reading 


ind technical mathematics 


Interested persons may register by mail 


or in person from January 21 through Feb 


ruary &. Further information can be ob 


tained from the Division of General Edu 


cation, New York University, | 
York 5 N 


Washington 


Square North, New 


Yale Trafhe Bureau 
Will Increase Training Program 


Ihe Bureau of Highwa 


tL niversit 


Trathe at Yale 
is increasing its training program 
to help meet the current high demand for 


engineer trained in 


street and highway 


operation This demand has been produced 
by the current need for professional traffic 
engineering services in both urban and 
rural areas. It has been estimated that over 
1200 trathe operations engineers are needed 
throughout the country to help plan and 
design the new streets and highways to he 
provided by the National Highway Improve 
ment Program and to relieve trathe cone 

Listing 
application of regulations and controls 


tion on ¢ streets through the 


The Bureau of Highway Traffic has been 
in operation since 1926. Its students hold 
traft 
throughout the world The trathe ecnginect 


responsible positions inf highway 


ing course is at the graduate level and 
covers a full academic year with classes 
tarting in September and terminating the 
following May. It is devoted entirely to 
highwa trathe operations and is designed 
to equip men for 


this field of 


responsible positions in 


work upon graduation, The 
Bureau has graduated 396 men and 902 
per cent of the graduates are actively en 
gaged in trafhe engineering work 


The academic year of study 


offered by 
the Bureau consists of two tull semesters 
of classroom work, laboratory and individual 


research, required reading, field) problems 
trathe 
trathe 


regulations and control devices, trathe facil 


and seminars. The courses include 


characteristics and measurements 


Electrical Engineering Education 
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ity planning and design, and highway ad 
rath 


from all over the country are invited to 


ministration and finance experts 
speak as guest lecturers at frequent intervals 

In 1957 the Bureau will offer a number 
United 
States who are qualified for graduate work 
All of the 
stipend of $1,400 disbursed at the rate of 


of fellowships to citizens of the 


fellowships provide a_ living 
$175 per month for a period of eight months 
while a student is enrolled. The fellowships 
also provide the tuition fee of S600 which 
amounts to a total value of $2,000 for each 
fellowship. The fellowships are made avail 
able to the Bureau through grants from the 
Automative Safety 
Safety Foundation, The Liberty Mutual In. 
James 5S 


Foundation, The Esso 
surance Company and I he 
Kemper Foundation I he 
Road Educational Foundation provides fi 
nancial aid to a limited number of toreign 
students 

In addition to the fellowships, the Bureau 
offers tuition scholarships to qualified mu 
nicipal and state highway engineers who 
salaries from their 


will receive employers 


while undertaking the graduate work. This 


by many em 


atranvement Is considered 
ployers to be a form of in-service personnel 
training 
Applications for admission and fellowships 
Hurd 
Bureau of Highway Traffic, Yale 
Strathcona Hall, New 


closing date for filing applica 


may be obtained by writing to Fk. W 
Director 

University Haven 
Conn. The 
tions is March 1, 1957 


in trathe 


Previous experience 
work is not essential to become 
a successful candidate for a fellowship o1 
academe 


scholarship when high qualifica 


tions are indicated 


ASEE Will Present Seven 
Engineering Education Awards 


Sc en national iwards in engineering edu 
American So 
ASEEF) at 
Annual Meeting at Cornell Univer 
itv, June 17-21 


Competitions for all the awards are now 


cation will be given by the 
ciety for Engineering Education 


its 1957 


open, and nomination blanks are ready 


according to Prof. W. I 
of the Society 


Collins, secretary 


The seven awards are 
l I he l iriinie Award 


an engineering educator for 


viven annually to 
distinguished 
achievements contributing to the advance 
ment of the profession This is the So 
ciety's oldest award and its highest honor 


2. The Award, an 


annual $1,000 prize tor distinguished con 


George Westinghouse 
tributions to teaching engineering students 
The Westinghouse Award is especially in 
\¢ nded to encourage younger men whe show 
superior teaching ability 


4. The 


medal given 


Vincent Bendix Award, a gold 


innually for top achievement 


in engineering research in colleges and uni 
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versities It is to recognize contributions 
through original research, research adminis 
tration, leadership influencing the produc 
tive research of others, and the effective ap 
plication of research results to the advance 
ment of engineering education 

1. The Curtis W McGraw Research 
Award to honor young staff members for 
contributions through engineering college 
research. This $1,000 prize, to be given for 
the first time next year, is to recognize out 
standing carly research achievements and to 
encourage the continuance of such activity 
in the future 

5. The James H. McGraw Award in Tech 
nical Institute Education is an annual prize 
of $500 presented for established achieve 
institute education 


ment in technical 


teaching, administration, publications, and 
other forms of leadership 
6. The 


gineering Teachers 


President's Awards to Young En 
given annually for pa 
pers written by young engineering teachers 
on a phase of engineering education. The 
contest seeks to encourage the participation 
of young teachers, 36 years or younger, in 
education 


the problems of engineering 


Prizes of $200 and $100 are given for the 
two top ranking papers 

7. The Engineering Drawing Award of a 
certificate for distinguished service by a 
member of the Society's Engineering Draw 
ing Division. The qualifications include a 
record of successtul teaching 


ot the 


improvement 
tools and conditions for teaching 
scholarly contributions to engineering drat 
ing, and service to the Division 

The Society's awards are given to winners 
selected, in each case 
issigned to study the records of each nom 
information and blanks for 
ivailable trom Prot. W. I 
Collins, secretary of the Societ at the Uni 


of Illinois, Urbana, Il 


inee. Further 


HOMIMALLONS are 


Armstrong Memorial Grant 
Given to Columbia University 


The first installment of a gift in memory 
ot the late Major FE. H. Armstrong (HM 
has ‘cen made to Columbia Universit 
the Armstrong Memorial Research Founda 
tion, Ine 

G.I surghard, president of the Founda 
$10,000 to Dr 


tion, handed a check for 
Grayson Kirk 
behalf of the Universit The gilt represents 


president, who accepted it on 
part of a $40,000 grant made to the Uni 
versity by the Armstrong Foundation, Ine 
i nonprofit membership corpor ition 

[he Foundation was established by Major 


Armstrong's close friends and associates to 


perpetuate the name and works of the late 
radio inventor The mone Il go toward 
construction of a laboratory in electrical 
engineering at Columbia, determined by the 
Foundation as being the most logical me 


morial to Major Armstrong 


Fespruary 1957 


by special committees 


The expressed purposes of the Foundation 


include aiding in the continuation of basic 


g 
research that was carried on by Armstrong 
as professor of electrical engineering at Co 
lumbia and to contribute to the education 
and training of engineers and scientists ca 
pable of doing basic applied research it 


electronics and related fields 


Dr. Shockley Addresses 
U. S. Naval Postgraduate School 


Dr. William 
Shockley 


strument Company, presented an address 


Shockley 
Laboratory of the Beckman In 


director of the 


on November 21 before 400 persons at the 
U. S. Naval Postgraduate School at Monte 
rey, Calif. The 
sored by the AIEEE, the Sigma Xi Club, and 
the Institute of Radio 


school, and was open to the 


vidress was jointly spor 


Engineers of the 
publi 

Dr. Shockley spoke for two hours on the 
ory and technical development of transis 
tors. He and Doctors Bardeen and Brittain 
were selected to receive this year’s Nobel 
Physics for 


Prize in development of the 


Education 


—_ 


pp 101-2) 
\ graduate ol 


transistor 
neering 

California Institute of 
Shockley received his doc 


Pechnology, Dr 


torate at the Massachusetts Institute ol 


Fechnology, where he later taught. He has 
long been known for his work in the gen 
eral field of solid-state 


During World War II, he 


research and was con 


physic 

issisted’ in anti 
submarine wartare 
sultant to the Secretary of War as well as 
director in the research weapons and eval 


y 
tation groups 


Cooper Union Receives 
$10,000 Scholarship Grant 


Dr. D. B 
with offices in New York, N. ¥., ha 


Steinman, consultin engine 
ace 
David Steinman 


rrant through the 


Foundation, of $10,000 to The Coops 
l nion for the Advancement ot ScCIenice anal 
Art. The fund will be used for scholarship 
loan purposes for engineering tudents of 


the college as well as tor gr; i who 


need financial assistance 





Engineering Scholarship Winners 


TWO FRESHMEN AND A SOPHOMORE attend the University of Tennessee as winners of engi 
neering scholarships offered by Fulton Syiphon Division of Robertshaw-Fulton Controls Company 


Knoxville, Tenn. F 


presents winners (left to right) V. L. Ridenour 


G. Cross (left), divisional 


general manager and company vice-president 


E. Trotter, and C. A. Clark with cash awards 


for $100, a part of the scholarships valued at $1,300 each. Winners, all majoring in engi 


neering, are shown in uniforms of ROTC units at the University. Mr. Trotter, the sophomore, is 


the son of a Robertshaw-Fulton employee. The controls company sponsors the annual competi 


tion to encourage and assist deserving high 


I lectrical I ngineering Education 


school graduates in the study of engineering 
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REVOLUTIONARY) 
fine particle won may 
net molded in the 
form of a Christmas 
tree demonstrates 
unique versatility, The 
flux patterns compare 









the unusual magnetic 
fields attainable with 
the new material to 
those of a conven 


tional cast horseshoe 





magnet, 
GE News Bureau Photo 


Invisible Iron “Dust” a 






7 . > ‘ ° i > 
Potential Superstrong Magnet 
















































WORKING with invisible iron “dusi re “Although it will be quite some time creative group in his organization. The re 
earchers have created a revolutionary and before the new magnets are available com search team started with only the specula 
potentially superstrong magnet at the Gen mercially, the door is now open to new tion of theoretical physicists that ultrafine 
eral Electric Company magnet applications as significant as those elongated iron particles might have a high 
Dr. I. O. Paine AM ‘54), of the com that followed General Electric's introduc resistance to demagnetization. But because 
pan Instrument Department at) Lynn tion of Alnico iron particles tend to grow round, all ef 
Mass., told the American Association for forts to produce these elongated shapes had 
the Advancement of Science \AAS) that New Design Vistas failed 
the unique properties of this magnet are Dr. Paine and his group faced a seemingly 
whieved by precisely controlling the size This development opens whole new insurmountable obstacle. How could they 
ind shape of individual tron particles so vistas to the design engineer because the control the shape of iron particles finer than 
mall that there are more than a billion iron particles can be embedded in plastics, the smoke from a cigarette, smaller than the 
billion in a pound metal, rubber, or glass. The magnets are wavelength of light, invisible under a con 
Speaking at the annual Citation Dinner easily machined, drilled, tapped, soldered ventional microscope, so small that there 
ponsored by the Industrial Science Section and molded precisely into any number of are more than a billion billion in a pound? 
olf the AAAS, Dr. Paine said that, theoreti desired shapes 
cally, the ultrafine particle iron magnet Ordinary iron is used in the form of The “Break Through” 
can be made 10 times stronger than the submicroscopic elongated particles to make 
best available magnets, Already, experi the new magnet. This leads to another far Experiment after experiment failed. Then 
mental magnets have been made equal to reaching benefit the saving of strategic finally the “break through came They 
the strongest commercial magnets, he added metals like nickel and cobalt—heavily used produced a few particles with significant 
in making most magnets. Elimination of clongations. The most powerful electron 
c cobalt makes possible the application of microscopes—through which the iron “dust” 
itation Presentation 














imagnets in nuclear reactors, where magnets can be seen—confirmed these results and 

Highlight of the dinner was a citation containing cobalt cannot be used because of subsequent experiments which brought full 
presented by Dh \ I. Bonnell, section high induced radioactivity SUCCESS 
ecretary, to EF. EB. Parker, instrument ce Several years of close co-operation be Phe magnetic and mechanical properties 
partment general manager, calling the ce tween scientists at the instrument depart of this material can be controlled precisely 
clopment “one of the major forward steps ment and the company’s Research Labora Dr. Paine said. “Not only can the qualities 
nm industrial scrence inp 1956 Dr. Bonnell tory in Schenectady, N. Y., gave us the re of available magnets be duplicated but we 
is vice-president of Drexel Institute of Tech search depth to ‘break through’ a scientifie can also achieve characteristics previously 
rolog frontier that has been a world-wide goal unattainable 

The new magnet,” Mr. Parker said, “will for many years The citation presented to General Electric 





result im =«6electrn instruments that are 







xy the AAAS is awarded to companies re 


matter, lighter, more accurate and more sponsible for practical industrial applica 





Theoretical Speculation 









rugged, making possible significant advances tion of basic scientific discoveries. The In 
in instrumentation, Tt will help us make In his speech to the AAAS, Dr. Paine, man dustrial Science Section, which makes the 
better photographic exposure meters, ait ager of the instrument department's meas award, has a threefold purpose: first, to 
craft instruments and other products using urements laboratory, said work on the de advance the knowledge and application of 


permanent magnets velopment has been carried on by a small science in industry; second, to further the 
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i, a 


DR. T. O. PAINE (left), leader of a General Electric research team that 
developed a revolutionary permanent magnet, is collecting submicro 
scopic iron particles with a conventional magnet from this pool of liquid 
metal. This equipment produces more than a million billion particles 
per second which later are pressed to form a magnet potentially twice 
as powerful as any in existence today. Iron ‘“‘dust,"" used to make a 
revolutionary new magnet, is shown (above) as it appears under the 
powerful electron microscope, magnified 100,000 times. Each of the 
ultra-fine, elongated iron particples is a separate magnet. The new ma- 
terial derives potential superstrength and unique versatility from the 
researchers’ ability to “break up'' the magnetic log jam (micrograph, 
left) and line up the minuscule iron particles (micrograph, right) to 
achieve optimum strength. 


interest and status of scientists engaged in portance and promise of industrial science such as are promoted through this program 
research, education, or other ork relating in human progress and welfare lo carry out the project, two large thes 
the development application and use As is the case whenever there is a new ible radars have been designed and con 

of scientific principles and knowledge to development, the full impact can be meas structed, One consists of a 50,000-watt EM 

problems of industrial operations and man ured only in retrospect. Meanwhile, it is broadcasting transmitter operatin it 100 
agement; and third, to promote public certain that the work will continue toward me which has been modified tor pulse trat 

understanding and appreciation of the im the theoretical limit of magnetic energy mission. Lhe second radar utilize i large 

hitel-McCullough Incorporated klystron 

amplifier. The transmitter generates power 

outputs up to 60,000 watts in the ‘00- to 

. . 100-me range. The transmitters are mounted 

6l1-Foot Diameter Antenna in large van-type shelter 

Pulse idths available on the two equip 

i - "> ments can be aried trom 50 microsecond 

at Stanford Research Institute se ceaisandia tiene eaeatieaeniamiaaai 

variable between 1! 00 cps md O.1 op Mul 

IRANSMISSION and reception of radio which will run well into 1957 ill be car tiple pul ing also is pos ible th groups ot 


signals are frequent! and drasticall in ried out in conjunction with the Geophys four pulses available 


fluenced by “upper-atmosphere clutter” due ical Institute, University of Alaska, at Col [he receiving equipment has mons 

to reflection from meteor and auroral ion lege, Alaska, near Fairbanks ures of 3, 3.5, and 4.5 db, respecti 
ivation, As a result of such problem Stan I he Special Lechniques Group intend 100. 200. and 400 me The receis 

ford Research = Institute's SRI Special to determine characteristics of radio-signal vidths are variable between 3 ke 
Pechniques Group has embarked on a re cattering and reflection by meteor trails in ke. Phase coherent detection also 1 
search program to gather information about the frequen range trom 100 to 400 me able to measure the sign and magnituce 
the reflections ot ver high frequen VHI similarly the reflection of radio ive ly Doppler shifts 

and ultrahigh frequency LH) radio sig the ionization associated with the aurora Parabolic antennas, 61 feet in diameter 
nals from meteoric and auroral tonization borealis will be studied designed b SRI will be used it 


Initially, the program 1 being carried out Various research and academic organiza radi 


ins ee cover picture The antenna 
in co-operation with St inford University in tions have conducted studic ol meteort movable in both elevation and azimutt 
the hills immediately to the est of the and auroral ionization in the frequen 100-me antenna has a gain of 
campus. The Rome Air Development Cen range below 100 mec. The result has been a beam width of 12 degre 
tc Air Research and Development Com much better under tanding at frequenci mec antenna ha a vain 
mand, Griths Air Force Base, N.Y $ spon below 50 me, of the frequency-time-ampli respectivel At 200° mc 
soring the eflort tude relationship of the echoes However 6 rree and at 400 

The observations and conclusions will be extrapolating the lower frequen experi Ihe antennas eact 
utilized in part as a yardstick in the second ments and theory to the 100- to 400-me fre 1 alone cighing 
segment of the program Ihe latter phase quency range has not previously been pos I he are constructed of 


vhich is initiated in the fall of 1956 and sible without the findings of experiment tancdl LOO wile per-hour 
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mount 


holt-tlogether variety and 
imsembied and 


embled with 


nmum cdiffeult and portabilit 


transmitt ; and receiving 
equipment is housed in LO. b 10-loot van 


type shelter forming semiportable power 


package 
Ihe relative ensitivit and flexibilits 


ol these radars make them especially suit 
le tor other t pes ol propagation inve 
ration such moon reflections and tor 


ite cattery 


Cooking Under 
New Catalytic Lid 


found a wa 


met like 


mience ha o burn up cook 


those of boiling cabbage 
mon or even charred steak and 
betore the tf out of the pot or pan 
i 


accustomed to tlying like a homing 


to kitchen ills and ceilings, is ce 
inn thine me operation 
electri appliance that converts the 
joc tionable mell smoke, and grease ol 
H-the- range cooking into a clean, odor 
effluent, ha heen developed by O 
t, Inc., Wa Pa. It eliminates the 
to open doo } mada or to use 
lating tan cooking time 
first really new 
conditioning 
heated wire 
{t fitted into t a l2-inch 
neter aluminum 
burn ithout flame the 
products of cooking as the 
openin nm the center oft 
licensed Kamb ip Live 
leweling producer bicvtise ine fo manu 
re and was catalytic lid under 
own nan mtroduced = the 
ipplianc vational Houses 
1 Januar 
ilalytic clement, called an O 
fiumetle cooking po ilyle 
Catalyst last car to 
ipplicatier lhe O 
ola number of turn 
itulyst-coated resistance wire rapped 
d two porcelain end post [his assem 


mounted na taint teel trame 


REMOVAL OF TOP of the catalytic lid exposes 
the catalytic element that is the secret of odor 
less, smokeless, greaseless cooking. Fumes from 
the food flow up through an opening in the 
aluminum cover and on contact with the 
catalyst are burned without flame into a harm- 


less odorless eMent. 


| ‘ : 


ch is temperature and shock resistant 


The catalyst, a chemical compound con 
taining platinum, burns combustibles in a 
tream of air at relatively low temperatures 
temperatures too low to support ordinary 
flame combustion. Oxy-Catalyst has already 
put similar catalysts to work in industrial 
systems and in 


pollution control 


mufflers that 


special 


purily AULOMOLIVE engine 


exhaust 


I he house wite tises the new appliance 


jiist as 


j she would a conventional pot or pan 


lid-except that she first plugs it into the 


| 


nearest electric outlet. The resistance wire 


in the Oxycoil brings the catalyst to its 


operating temperature in about thirty 


econds 
As cooking proceeds, the fumes from the 


food flo up through the open grid of ca 


talyst wire in the center of the lid, On 


contact with the coated wires all organi« 


combustibles—odors smoke grease and 


other impurities—are catalytically burned 


Ihe catalyst does not mask smells and 


moke. It literally destroys these contamin 


ant it thei source Ihe end products 


ented to the kitchen are invisible, harm 


le greaseless, odorless v ipors 
Elimination of the grease vapors that 


continuall build up on kitchen surfaces 
promises an end to a major housecleaning 
problem 

Ihe l2-inch diameter of the catalytic lid 

rmits its use with any round pot or pan 
that size or smaller 
Ihe catalytic wire is self-cleaning. It has 
uccesstully for the 


hours. The 


snapped out 


been tested equivalent 


of 10,000 cooking catalytic ele 
ment betore 
he unit 


is rated at 175 


AEC 


Announces 


Various Developments 


he Ll DPecla Guide \ 


additional in 


ification tripatr 
tite agreement to declassif 
ential to the 


formation ¢ development ol 


civilian nuclear industry has been mace 
econ the United States, Great 


Canada I hve 


Britain 


information available in 


ne (,uide relates to all phase ol nu 


power trom ore recover inal tabri 


icl clements to the design and 


for the 


plant chemical re 


pent fuel clements from civilian 


Rear yr kx perime 
cation, and operation of 
reactor experiment intended to ce 


clop engineering data and « perience for 


the construction of military package power 


reactors and small civilian central station 
tarted at the Na 
Idaho 


\erojet General 


powel plant itl tye 


tional Reactor Testin Station. in 
in conpunction ith =the 
Corporation of Azusa, Calif 


1 itional Radioactive under Gen 
cra Licensing I he 


amended its 


Sources 


Atomic Energy Com 


mission ha by product mate 


rial rad OLSOLOpe regulation to permit thre 


possession and use under general license 
litional types of low-level radioactive 


OUTCES This has been done to pel 
m to be sold without requiring the 
obtain a specific license. The radia 
sociated with the 


tion hazard various 


Of Current Interest 


items was studied carefully by an advisory 
committee in addition to the AEC which 
determined that the items did not consti 
health 
Sealed 


license are 


tute an unreasonable risk to the 


and safety of the general public 


sources placed under general 


(1) spark tubes 


gap tubes and electronic 


containing not more than 5 microcuries 
(uc) per tube of krypton-85 gas; (2) light 
meters incorporating as a sealed source 
not more than 200 ye of strontium-90, for 
use in photography; and (3) ion generating 
tubes containing not more than 500 ue per 
tube of polonium-210, for use in air con 
ditioning and other equipment 

Guaranteed Prices for Special Nuclear Ma 
terials, The AEC has established guaran 
teed fair prices to be paid for plutonium 


924 
i) 


and = uranium-253 U-233) produced it 


atomic license in 
the United States and delivered to the AEC 
1962 


prices are 


reactors operated under 


for the one-year period trom July | 
1963 The 


gram for plutonium 


through June 50 
$12 per 
TT 
} 


$15 per gram for U-2 


metal, and 
}, based on the es 


timated fuel value of the materials and 


are identical with those to be paid for 


these products of reactors abroad fueled 


with material 


States 


supplied by the United 
I 


Unsolved Problems 
and Forgotten Facts 


All well-informed persons realize that 
unknown truths are probably as numerous 
as the known ones. But nobody has yet at 
tempted to explore in detail what remains 
each and every area of 


to te lone in 


knowles ue That is what we propose to do 
Consequently, if readers of Electrical En 
neering are aware of any significant prob 
lem in their own field which has up until 
now remained unsolved, or any important 
been somehow 


fact which has neglected 


they are invited to take part in our survey 
Knows: A Survey of Un 


Problems md Facts 


entitled Nobodys 


solved Fergotten 
hich will be 
Philosophical Library in New York, N.Y 


[his survey may OCCUpy several volumes 


published in 1958 by the 


containing a rreat variety of material at 


ranged by topics and provided ith cross 


references. It will serve as a reference work 


for scholars and students I pical entric 


ill be: nobody knows the causes of cancer 


nobod has explained the ph Holo of 
sleep nobod ha succeeded in proving that 


Joan ol Arc wa 


actually burned to death 


should be limited to a mere 


All papers 
exposition of the problem in question and 
should not exceed 1.500 words, Each author 


is asked to write such fashion as 


understood b the general reader 


are expected to le properly typewritten 


! 


dated md signed and, if the riter so 


ish the name of the institution with 


hich he is connected may appear under 


siunature \ few bibliograpl ical reter 


are desirable 


Board of Editors composed 

fed authorities in each field vill read 
evel irticle submitted md each author 
will receive tull credit for ever published 
piece 

Papers should be sent to Dr. R. B. Winn 


224 Cummings Ave Elberon, N.J 
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Heat Pump Weathermaker for 


Residential and Commercial Use 


ar-round dential and commercial 


conditioning 1as 


pul 


cost and operating cost tor such 


been packaged into a 


heat p designed to cut both first 


equipment 
and to reduce space needed indoors to a 
minimum 

samme 


At the 
| 


introduced a me 


time Carries Corporation 


ilso series ol assemblies 
neered heat 


vhile 


sales vrowth 


for applied or freld-en 


ptlmp 


systems for larger buildings predicting 


substantial future for both 
types ot heat pumps 


\ heat 


uses retrigeration to provide 


pump is an air conditioner which 


inter heating 


as well as summer cooling. A_ refrigerating 


system operates on the principle of taking 


heat from one medium and releasing it at 


a higher temperature to another. In a heat 


pump it can be turned around extract 


heat from outside and discharge into a 


building in winter as well as to draw heat 


from the building and discharge outsice 


inh Stuuiminer 
Ihe Heat 


employs outdoor 


Weathermaker 


source of he: 


Pump 
alr as a 


divided into two units, with an indoor unit 


little larger than a room air conditioner. Ut 


requires virtually no space inside a home or 


commercial building, can be installed tn 


attic, basement, o7 top of closet, yet it can 


do the entire job of heating and cooling 


It was predicted that about 10,000 pack 
ould be mn 
1957 


mcreas to 


wed air-to-air heat 


stalled by the 


pulps \ 


industry during ind 


annual figure would 


1961. At 
lact 


that the 


40,000 by the same time, emphasis 


was given to the that the heat pump is 


fundamentally another way to provide year 


round air conditioning and that its growth 


possibilities can only be considered as part 
of the over-all rise in demand for complete 
air conditioning 


Ihe 


described as such 


new “Climate-Balance” principle w 


that the heat pump could 
rable wa to do the 


the 


v considered a de 


heating wherevei refrigeration. re 


job 


quired for cooling can also supply a large 


portion of heating needs and here tuel 


costs are comparable 


the Heat Pump Weatl 


first unit 


It was stated that 


ermaker was the designed spe 


to achieve maximum economy over 


round range of operating tempera 


PUMP Weather- 
latest advance 


HEAT 
maker is 
in all-electric heating 


and cooling. Small in- 


door unit, shown in at- 


tic, is little larger than 


a room air conditioner 
yet can do entire job of 
year-round air condition- 
ing for a home or small 
commercial building 
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The 


permits complete flexibility of 


unit has a two-piece design which 


installation 
and a consequent reduction in installation 


cost in many cases, Because the portion ot 


the heat pump requiring outside air i 


cated exterior to the structure it 


lonver necessary to install 


work 


ir trom 


CN persis 
} 
o bring 


building 
taken. Thus 


inside the 


which heat ts 


metal costs and any notse incident 


ing large quantities of all 


I he 


ca in 


indoor unit takes no 


important pomt in new 


where area is considered to 


$12 a 


tion 


where trom square foot up 


this new heat pump takes less spac 


conventional furnace and cooling unit 


bination. It may use either al 


source ot heat 


Characteristic of heat pumps 


that every unit of electrical ener 


ill produce : considerably greater a 


ol heat energ inasmuch as its operation 


ol employ ing electro 


mechanical energy to take heat trom 


ater rather than simply convert 


trical energy to heat 


Thus, an air source heat pump ma 


| nearly three units ot heat energ 


Wit 


ma 


eve unit of electrical ener 


this coethicient of performance 


to from five to seven units of | 
ol electricity 
I he 


pumps ill be in areas 


bigvest market for iter - source 


here there 


cheap supply of water readily available 


easy to dispose of ma here the iter is oO 


a type which will not cause scale or corro 


sion. Maintenance problems resulting f 


scale or corrosion hich occur 


types of water vill 


probably 


dominant use of air-source he 


smaller commercial buildings 


One interesting approach cal 


around system can be mat 


block 


such 


buildings, it was | 


type ex plainee 
interior 
vell as 
not exposed to the 


I he 


system 


structures spaces ma 


cooling in winter as summer 


they are cold 


outsicl heat extracted by the 


eration from these spaces may thet 


xterior otheces here i 


I he 


factor 


” pumped to ¢ 


would provide heating aie 
used in 
Heat 


removed by the heat 


approa ! 


can be many othce combina 


trons renerated production ma 


chinery 1s 


othe 


pulp 


ing tactory yvace, then sent at 


Future Meetings of 
Other Societies 


Pennsylvania Electric Association 


Industrial Engineering tneti 


American Seclety of Heating and Air-ton 
ditioning Engineers ( ‘ 

bx } 
Midwinter 
{ i ( } 
! H 
ASTM 


Frank Hot I 


26th Annual Centlerence 


Auto Accs 
‘ ' y York ¢ 
Western Winter Radio 
plia Market (1D 
1 k } bebe ' 
b ( 


National series Exposition, | 


Television and Ap 
" H 


4 


The 


Pla I 4 


Society of the Industry Tove 


' Bea Hort ‘ 


Foundation, ( 


I I 


Sciences 
i 


| 


ima 


f 
ety of Industrial and Applied Mathe 
tee “ ‘ j 


Audio 


Engineering Seoctety 


! 4 


Industry 
AMA, Februar 6. H 


Nucleonics in 


Symposium on Reeording Heart Sound 
Februa l { 

IKE 
NSPE g M 


t 


Conference 


Cleveland 
i lw 4 ‘ 


Fleetrontes 


National Photographic Show 
‘ York k 
Fleetrie 
( ‘ i 
I 


National Sign Association 


ASCE 
Jack 


ltth Annual National Adequate V iring 


Coantlerence } 


AIMEE 


Industry (huided Minnile 
Sy mposhum 

rT 
itth International He 


ating and Ale 


ditioning Exposition 


Kadio-Interference Reduction 


trd 


enee } " 











The initial unit will be a 5-horsepower 


model, which is expected to be the most 


popular size for residences and small com 
mercial buildings. In addition Carrier will 
begin production on a larger size and will 
eventually manufacture the unit in smaller 
models as well, Heat pump systems will be 


available in sizes ranging from 10 to 125 


horse powell 


Purdue Professor Named 


Chemical Engineers President 


Dr. J. H 


chymecring 


Rushton professor of chemical 
Purdue Universit has been 
American In 
Engineers AICHE), it 
Annual Meeting 


Hotel, Boston 


elected 1957 President of the 
titute of Chemical 

is announced at the 49th 
of the AICHE in the Statler 
Mas 

Ar the 
G. &. Holbrook, the 
ager ol the Organ 
KE. I du 
Wilmington, Del ha 
president Dy 
the College of 


same time it as announced that 
assistant general man 
Chemical Department 
Pont de Nemours & Co. (Ine.,), 
been elected vice 


George G. Brown, dean oft 
Engineering, University of 
treasurer, and | ] 


Nutley N J re 


Michigan, re-elected 
Van Antwerpen = ol 
clected secretars 
Protessor Rushton has had a distinguished 
career in education and as a consultant, and 
has been active in ALChE affairs for many 
years, Prior to assuming his present Purdue 
head of the 


post, he was professor ind 


chemical engineering department at the 


University of Virginia for a decade and held 
a similar position with the Hlinois Institute 
of Technology, He has been consultant to 
the Department of Defense, the Atomic 
Commission, and to firms in. the 
hields. He 
AIChE in 


posts and has served on en 


bon gy 


petroleum and tood served as 


ice-president of 1956 and has 
held 
gineering and educational 


William H 


similar 
bodies. He was 
presented the Walker Award 
in 1952 

Dy. Holbrook has been on the Du Pont 
1935 


engineering staff since ind has served 


is head of the New Products Division, as 
issistant director of the Jackson Laboratory 
eneral superintendent of the Development 
Chambers Works, and assistant director of 
Chemical 
Department. He was director of the Tech 
nical Division, National Production Author 
ity, in 1992. He has 
AIChE, and won the 
Award in 1955 


the Technical Division, Organi 


also been active in 


Professional Progress 


Submarine Telephone ( ‘able 


Stretches Throughout Alaska 


Ihe lt S 
bell Il elephone 


Army Signal Corps and the 


System opened to public 


service today a new and important com 
munications link between the United States 


Alaska. The 


underwater 


md the growing Territory of 
link consists ot an 
cable 
from 
\laska 

Hatheld 


Interior and B. I 


tele phone 
stretching 


Wash to 


system 


Port 


sore 1250 miles 


Angeles Skagway 


Chilson Assistant Secretary of 


Heintvieman, Governor 


of Alaska, made the first call over the new 


174 


system. Mr 
and Mr 

Ihe inaugural call was over a 
1,600 mile linked 
Washington to Juneau and included Seattle, 
Ketchikan Fairbanks. At 
each military, and 


Chilson spoke from Washington 
Heintzieman from Juneau 
made 
telephone network that 
Anchorage, and 
location, Government 
industry officials participated in the cere 
MOniICcs 

In addition to Mr 
ton group included Secretary of the 
Wilber Brucker 


Chairman of the Federal Communications 


Chilson, the Washing 
Army 
George McConnaughey, 
Commission; E. L. Bartlett, Congressional 
Alaska; Major General W. P. 
Corderman, Acting Chief Signal Officer; Ad 
miral J. N. Wenger of the Joint Chiefs of 
Stall; and W.G 
President ol 


Delegate for 


Thompson, Assistant Vice 
American Telephone and 
{ A I x I ) 


represents two major 


Felegraph Company 

The cable system 
projects—one provided by the Long Lines 
Department of AT&T; the other by the 
Alaska (ACS), 
which is operated by the Signal Corps 

The ATXT cable system 
Port Ketchikan 


tance of about 900 miles 


Communication System 


extends from 
Alaska, a dis 


Twin cables, con 


Angeles to 


taining built-in amplifiers, lie in the ocean 
depths off the coast between the two points 
These cables were placed by the cableship 
{lhert ] Myer 
late August 1956 
sign and construction to the transatlantic 


between early June and 


They are similar in de 
telephone cable system—the first such system 
to cross an ocean—which went into service 
(story in December 1956 issue 
Electrical Engineering, pp 1134-36) 

Ihe ACS covers the 400 
miles betwen Ketchikan and Skagway, is a 


in September 


cable, which 
single submarine cable stretching along the 
inland waterway on the southern coast of 
Alaska 


tions that are 


This cable utilizes amplifying sta 
located on islands or points 
of land that dot that area 

From Port Angeles, the southern terminal, 
the cable circuits are connected to the U. § 
Seattle by a relay link 
constructed by the lele 
At the 
beyond Skagway, the circuits 
Alaska 
network, operated by ACS 

The system took over two years to build 


radio 
Pacifu 


network at 
recently 
phone and Telegraph Company 
northern end 
into the 


are fed communications 


It can carry 36 conversations at one time 
and will be used to supplement the radio 
telephone and land line facilities that have 
been operating between the United States 
and Alaska since 1937 

The new system will than 


cable more 


Of Current Interest 


VIEW OF CABLE Iand- 
ing operation at Skag- 
way beach. Cableship 
Albert J. Myer in back- 
ground. Large section of 
drum and balloon sup- 
ported § section cable 
submerged. 
S$. Army Photograph 
double the capacity of the radio and land 


line circuits and will perform with the 
clarity and reliability of the best States-side 
telephone line, It will add to the flexibility, 
reliability of the United 


Alaska facilities. 


security, and 
States 


NEW BOOKS 


The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been 
presented by the publishers. The Institute assumes 
no responsibility for at in the fol- 
lowing summaries, in 


from the prefaces of the books in question. 


CHROMIUM, Volume 2. Metallurgy of Chromium and 
Its Alloys. By M. J. Udy. A.C.S. Monograph No. 132. 
Reinhold Publishing Corp 430 Park Ave., New York 
22, N.Y., 1956, 402 pages, 6 by 9% inches, bound. $11 
This volume deals with American and European meth 
ods of recovery, electrowinning, electroplating, and va 


rious methods of deposition, giving a considerable 


amount of detailed, practical operational data. It also 
deals fully with the production of ductile chromium, 
chromium in refractories, and the properties and uses 
of the metal and its alloys with iron, steel, cast-iron, 
cobalt, nickel, aluminum, copper, and titanium, Phase 
diagrams of a number of metals are included, and ex 


tensive reference lists accompany each chapter. 


DEVELOPMENT OF 
Hunter and J. 1 
England, 1956, 150 pages, 5% by 8% inches, bound 


POWER CABLES. By P. VY. 
Hazell. George Newnes, Ltd., London, 


25s. The contributions of engineers of all countries to 
progress in cable materials and design are recorded in 
this history, The account ranges from early experiments 
in the tranamission of current to such modern develop 


ments as gas pressure, oil-filled, and aluminum cables 


ELECTRICAL TESTING AND TROUBLESHOOTING 
By P. T. Green. The Industrial Press, 93 Worth St 
New York 13, N.Y., 1956, 191 pages, 6 by 9% inches 
bound, $4, A practical manual of procedures for locat 
ing and correcting faults in controllers, test equipment 
transformers, motors, power cables, etc. No mathemati 
cal knowledge is required for the use of the procedures 


described 


ELECTRONIC ANALOG COMPUTERS. (D-C Analog 
Computers) By G. A. Korn and T. M. Korn. McGraw 
Hill Book Company, Inc 330 W. 4nd St New York 
36, N.Y 


inches, bound 


second ediiton, 1956. 452 pages, 6 by 9% 
$7.50. This book describes a standard 
procedure for setting up a computer to solve a given set 
of differential equations, and presents setups for such 
practical problems as automobile suspension systems 
and industrial process control. It also covers the de 
sign of computing elements 


amplifier circuits, and 


auxiliary components, Developments in analog multipli 
eation and function generation are discussed, and the 
design and construction of complete computer installa 
tions are given for various applications in industry and 
science. No mathematics beyond differential equations 


is required of the reader 


ENGINEERING INSPECTION, MEASUREMENT AND 
TESTING. By H. C, Town and R Philo 
sophical Library, Ine 15 EB, 40th St New York 16 
N.Y., 1956. 191 pages, 5% by 9 inches, bound. $8.75 


Colebourne 


ELECTRICAL ENGINEERING 





rk 

and to brief 
plications. 1 levices covered include compara 
linear measuring machines, multidimension inape 
machines iocollimators, ete. Also dealt with are 
functio ! inspection department, prin 
pre , rasurement, measurement during 1 
luspectio methods and calculations, screw 


nent, and the measurement of surface 


FREQUENCY MODULATION ENGINEERING 
I Tibbs and G. G. Johnstone. John Wiley & 
In 440 Fourth York 16, N.Y., sec 
1956. 435 pag 5 xy B% inches 
und enlarged 
field esented in a style suited 
first part of the book deals 
m of carrier waves, interference sup 
ials, transmitters and mea 
remainder is devoted to descriptions of 
circuits 
Cireui f comme 
when possible, and working 


eurves are included in 


HANDBOOK OF INDUSTRIAI ELECTRONIC CON 
TROL CIRCUITS, By J, Markus and V. Zeluff. Me 
Graw-Hill Book Company, Ine 330 W 2 New 
wk 36, N.Y first edition 1956. 352 ge i by 

inches, bound A compilatior ) 100 

its, selected fror 1 of lectro nagazin 
1948. The circuits included are groupe y func 
as follows 


amplifiers, capacitance contr cat 
i 


ntrol, counters lirect curre ampliher 
measuring circuits metal detectors mot contr 
multivibrators, oscillators, photoelectric 
supply circuits, radiation circuits, remote 
ng temperature control timing transisto 
onie control, and welding control. In describing 
circuit, information is given on its performance, 


ponents, and applications. 


HANDBOOK OF MATERIAL TRADE NAMES. Supple 
ment 1, By O. T Industrial 
Dover, N.H 1956. 383 ages 


% by 10% inches, bound. $12.50 This supplement 


Zimmerman and I. Lavine 


Research Service Inc 


brings up to date a standard source of information on 
the nature and uses of trade name 
prised, like the main volume 

s with descriptions, a classified section which 


de names are grouped by major uses or mposi 

and a directory section giving manufacturers and 
their products, The supplement also mtains a list of 
roducts withdrawn from the market since their in 


clusion in the 1953 edition 


HANDBOOK OF SEMICONDUCTOR ELECTRONICS 
Edited by L. P. Hunter. McGraw-Hill Book Company 
Inc 330 W. 42nd St., New York 36, N.Y 1956. Vari 
ous paging, 6 by 9% inches, bound. $12 \ erence 
manual for engineers concerned with the esign and 
applications of semiconductor devices. Parts and 1 
deal with the basic physics and operating principles of 
diodes, photocells, and transistors, and with the ‘ 
esses used in their fabrication. Part Il, wh 

greater detail than the other parts 

of cireuits low amplifiers 
and video amplifiers etly couple 
vcillators, transistor itching 
using special devices. Reference 


al analysis of nonlinear circuits, matrix 
uit analysis, and methods of measurement is 
part of the book 


in the fourt and last 


bibliography is appended 


HANDBUCH DER SONDERSTAHLKUNDI 
H mont Springer-Verlag 
edition, 1956, 1,538 pages 
imes, DM 220. This 
steels, brings together 
ntained in hundreds of articles, papers and reports 
ng an opening chapter on the properties and 
of pure iron, Vol. I 


sections on carbon steels 


teristics 


fir heat treatment 
ium steels. Vol 
n, vanadium cobalts, and con as alloying ele 
ents, and with the effect on steel of aluminum, copper, 
titanium, phosphorus, sulphur, various gases, and some 
of the rarer elements. In each major section, the au 
r msiders general characteristi 
tural steel alloys and the influence 
ent on the physical and chemical 
on its manufacture and working. Metallurg 
stressed throughout, with full illustration 
netitution diagrams, micropt 
ot graphe addition t 


present in form the 
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INFORMATION THEORY AND ITS ENGINEERING 
APPLICATIONS. By D A. Bell. Pitma Publish 

45th St., New York 19, N.Y se 

pages, 54% by 8% inches, | 

This i cone summary of the substan ’ PLUIE, EVAPORATION FILTRATION 
levelopment mly tl mathemat MENT Soe he i technique Frat 
familiar to tl ering or phy 
ate. Chapters deal i n¢ binary digit measu 
tropy and informati signalling speed 
ratio, and coding \ 
telephon radar storage-systems 
are also discussed. A new chapter on 


added to this edition 


AN INTRODUCTION TO MATRIX TENSOR METH 
ODS IN THEORETICAL AND APPLIED MECHANICS 
By S. F. Borg. J. W. Edwards *ubl Ar 
Arbor, Micl 1956. 202 page 

bound. $4.75. This text for seni 

neering students deals briefly SYMPOSIUM ON HIGCH.-PIt WATER CORRKO 
matrix algebra ector analysis, and nple ! (Spe 

theory as a preliminar t more exter 

in r chapters, of the following: tensors 

and 

plication the 

theory plates and shells; equati 
boundary layer theory he theor 
linear co-ordinates; and tensor analy 


mensional analysis 


DIE MASSSYSTEME IN PHYSIK UND TECHNIK. By 


G. Oberdorfer Springer-Verlag 1956 
' dy SYMPOSIUM ON TAP SORTS INTERMITTENTS 
of the underlying inciples t t t estab AND FLICKER NOISE IN ELECTRON 


August 1956) 


140 pages 


lishment acceptable system unite it ' eles, Calif 
engineering, Existing system e ! th pe l ube Engineering Council 
attention to the fields ‘ ic ect t wiation, Published by Rad 
thermodyn ic The » i Manufacturers Association, 11 

rated, and a atalog o r , my rnitude 6, N.Y. 44 pages, 8% by 11 

their dimensions and units, is include 

THE METROPOLITAN TRANSPORTATION PROB rb I , ) vd intermittent 
LEM. By Wilfred Owen. The Brookings Inetit ) leal with lowing 
Jackson Pl, N.W ngton 6, D.« 1956. 301 p mpute esig » min ube o 

6 by 9% inches o F $4.50 TY} 


ermittent influen 


critical survey vering such aspect ‘ ject a et m ineatraments for testing tu 
trends in population and economi vity ' ire 10 etectors, and Signal Corps 

of urban planning to take into cou e inere ‘ ' eliability evaluation 

use of private vehicles; the li 

tion; current attempts t ve th io ) . Dik TRANSFORMATOREN By Rud 


pressways, terminals, an Springer-Verlag Kerlin, Germany 1956. 321 page 


financing and organizing trans tion = syate y nel yound, DM Beginning with de 
city redevelopment. The author € + soluti , ' . of basic types of transfor 
problem in a program combining o ‘ velop t ue i meion of leakage 
ment and the -ordinated ut 


transportation 


MODERN MATHEMATICS FOR THE ENGINEER I ention is | > tranefo 
Edited by I Beckenbach. MeGraw-Hill Book Com t » transportal 
pany, Inc 2nd St., New Y ‘ . 1956 

inches, bound, $7.5 is bo VDI BERICHTE. Band ‘ y 
based on a ire series institute ' nive y Luftverunreinigung Bar Kraftfaher 
of California to acquaint inee with ecer Fi VDI-V eri 


514 pages r 
Diisseld ' 1956 
in mathematics. Part levo t i , lems pages, 84 pages, 8% 

expressed in terms o i i ’ DM 13.80, DM 13.2 

integral equations, and parti differen equ , on special meetings 

contains chapters cove (VDI), these three 
analysis, exterior ballisti 

lems. Part I] deals with 

theory i games operat 

gramming and 

vers engineering 

transformations 


nputati 


NUCLEAR ENERGY IN INDUSTRY 

er. Pitman Publishing Corp 

19, N.Y 1956. 168 pages 

$3.95. The | 

trialists with new materials, new instruments 


techniques of the nuclear energy industry eo t 


PAMPHLETS 


The following recently issued pamphlets may be of 


adopt those 

In seven concise 
probable impact 
industry the 


interest to readers of “Bl ical Eng ng All 


nating ir nuclear 


sadficlectenen, pecan inquiries should be addressed to the teeuers 
nium and the 
fuels 

AUTOMATIC FLICHT The Rad 
PETROGRAPHIE MODAI ANALYSIS j inei for Aeronautics (RTCA) } 
Chayes. John Wiley & § n m0 | 
New York 16, N.Y 1956 1% b 
bound, $5.50. M 


yields a statement 


applicat 


in rocks, though 2 , i e 1945 been 
subjectes » wt ical tion tudies These 
ceptance 
cheapest 


This 


forms and 


Of Current Interest 
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elopment 


All 


HOOK 


status 


rature 
wdinate all 


srt has come into 
andboo unabridged details 
00 different transistors. In addition 


curves all of the 
already available 
transistorized 
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GUIDED 


do you 
have 

a head 
for figures? 


.and do they bound from your 
cranium with a purpose? Then 
you're the Electronic Engineer 
we’re looking for at Firestone 
a man with real scope who wants 
to work in a creative climate. 

At Firestone, minds like yours 
have provided leadership in 
research, development and 
manufacture ...for 57 years. 
Currently, you'll help carry 
forward our vital development 
program for the Army’s “Corporal” 
Perhaps more exciting, our facilities 
in both Los Angeles and Monterey 
are blazing new trails that 

should lead to satisfying, 
history-making goals 

Right now, we need more EE’s, 
who can head their figures 

in these directions: 

Electronic Development 
Microwave Engineering 
Electrical & Electronic 

Test Equipment 
Electronic Production 
Electronic Systems 
We have a man at Firestone 
who can figure on a happy 
future for you. Write him. 

He'll arrange a meeting. 


Fi restone 


MISSILE DIVISION 


RESEARCH *® DEVELOPMENT * MANUFACTURE 


‘Find your Future at Firestone’’ 


WRITE: 


FEBRUARY 1957 Please mention ELECT RICAL ENGINEERING 


when u 


Los Angeles «+ Monterey 


GCIENTIFIC BGTAFF OIRECTOR. LOG ANGELES G4. CALIF. 
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KEEP UP-TO-DATE ON MAGNETICS 


what are the new Performance-Guaranteed laminations? 


Whenever our tungsten carbide dies have produced 
enough ni kel-iron laminations of a new shape to permit 
stocking them for immediate delivery, we let you know, 
because we get so many requests for “what’s new in 


Performance-Guaranteed laminations? 


It’s rather sensible, the emphasis our Customers put on 
this “Performance-Guarantee.”” They know it’s a guar- 
antee based upon our higher quality hydroge n annealing, 


vital for high permeability laminations, 


You scc,. 


‘ arbon, oxygen and sulphur, have a deleterious effect on 


small percentages of impurities, particularly 


magnetic properiies— and they are present in every alloy 
at the beginning despite the most rigid control of the 
metallurgy of the heats. In this as-rolled state, the steel 
will develop as little as 5% of its ultimate permeability. 


Now everyone “hydrogen” anneals—but not everyone 
dry hydrogen anneals, You can’t use bottled hydrogen, 
without leaving a surface oxide injurious to magnetic 
properties and making soldering virtually impossible. So 
we dry our hydrogen to a dewpoint of —60° C, removing 


IRA Plea mention ELECTRICAL ENGINEERING when writing to advertisers 


the water vapor which is produced by the reduction of 
hydrogen. Carbon reduces to methane, sulphur to sul- 
phur dioxide, and both are removed by the continuous 
flow of dry hydrogen during the 24-hour cycle. 

As a result of our superior annealing, we develop better 
magnetic properties and clean lamination surfaces, and 
you yet that valued “ Performance-Guarantee.”’ 

New Performance-Guaranteed shapes, in stock, immedi- 
ately available: EE 28-29, UI-312, F-21, DU-1, DU-37, 
rotor, stator and head laminations. Why not write today 
for Catalog ML-201 and full information on these and 
all other clean, flat, burr-free laminations we manufacture, 


Magnetics, Inc., Dept. E 


Tf ft | 
MAGNETICS inc. 


—— J J | 


» Butler, Pennsylvania. 


CABLE, MAGNETICS 
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Operational features of new Delta-Star 
Type JV Vacuum Tube Switch 
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DELTA-STAR Announces NEW 


High Voltage MKV-40 Interrupter Switch 


Provides positive current interruption 
for load and capacitor switching. 

The new Delta-Star MKV-40 Interrupter 
Switch is especially well suited for switching 
capacitive loads. Aseriesof vacuum switches 
having extremely high dielectric strength 
does the job. Ratings 34.5 kv to 138 kv are 
now available. 

Vacuum switches are in the circuit only dur- 


ing the interrupting cycle. Interruption 
occurs at first current zero with no 
restrikes. Jennings vacuum switches used 
in this device require no maintenance. 


Get all the facts about this new Delta-Star 
switch from your nearest representative. 
Or, write Delta-Star Electric Division, 
H. K. Porter Company, Inc., 2437 Fulton 
St.,Chicago 12, Ill. Offices in principal cities. 


DELTA-STAR ELECTRIC DIVISION 
H. K. PORTER COMPANY, INC. 


Divisions of H, K. Porter Company, Inc. are: Alloy Metal Wire, Connors Steel, Delfa-Star Electric, Henry Disston, Laclede-Christy, 
Leschen Wire Rope, McLain Fire Brick, Quaker Pioneer Rubber, Quaker Rubber, Riverside Metal, Vulcan Crucible Steel, W-S Fittings, 
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TEST YOUR 


IO 


(‘Insulation quotient) 


Identify an outstanding 
dielectric which has the 


following characteristics: 
Pr 


1 A tensile strength of bet- 


ter than 28.000 P. S. I. 


2 A high impact strength. 


Is available in machined 
components, sheets and 


rods up to 13 feet long 


and 5 inches thick. 


less 


conventional materials. 


Costs than many 


The only CORRECT 
ANSWER YOU CAN 
GIVE IS 


PERMALI 


flunked 
like to 
PERMALI, 


improve your operation and 


the test, and 


If you 


would learn more 


about how it can 


cut your costs, then write for 


literature no obligation 


Permali, Inc. 


Offices and Plant 
MT. PLEASANT, PA. 


Phone Kimball 7-2003 


“STRENGTH WHERE YOU NEED IT" 


Please ment 


mn 





ELLE 


INDUSTRIAL NOTES 


Fairchild 


Cor poration s 


Cam 
Elec 


new 


Fairchild Division Moves. 


era and Instrument 
has moved 

Aerial Way North in 
Landia Park, Syosset, I * 
N. Y. Departing from its old facilities at 
200 Hudson Street in New York, N. Y., it 


new 15,000-foot building adjacent 


tronics Division into its 
headquarters on 


Industrial 


leased a 


to the company’s Scan-A-Plate plant and 


the company’s main plant which houses 


the corporation's executive offices plus the 
Reconnaissance Systems Division, largest 
ol Fairchild’s 
I he 


rome 


seven operating divisions 


building houses the latest available 


irch and test equipment. It includes 


library, an ultra 
dark 


t * pe rimenta 


a complete technical 


laboratory, a laboratory 


allied 


tion, other electronic development labora 


Oneic trace 


tube and electron 


tories, experimental and photo darkrooms 


ind two design and drafting sections. 


Nuclear Power Equipment Division. A 
Kieley Mueller, In 


manutacturer of 


division of 
Middletown, N. Y 


matic 


new 
auto 
and steam 
staffed by 
specially trained and experienced person 
both the 
fields, Mi 
the 


recently 


control valves power 


specialty equipment, is being 


nel from automatic control and 


Russ Woods 
Knolls 


joined the 


nuclear formerly 


associated with Atomic Power 


Laboratory company 
establishment of 
Shortly 


1 vealed 


in anticipation of the 


this new division following this 


that the 
had 
million 


the 


innouncement I 
Nuclear 
been awarded three-quarters of a 
For 


powered propulsion field 


was 


Power Equipment Division 


dollars in valve contracts use in 


nuclear special 
ultrahigh temperature, bellows-sealed con 


trol valves complete with self-contained 


control systems are to be built by the 


Kieley & Mueller 


deve lopment 


new 
division tor a nuclear 


facility, Stronger emphasis 


on nuclear control products is a normal 
step for the company which has been con 


tinually active in) powet develop 


ment ince its founding in 


Link Aviation, Inc. Plans to open a labora 
Palo Alto, Cali 
This operation will be under the 
Hilburn 
Link 
will be located at 
Alto, Calif. Link 
manutacturer of 
Palo 


expansion of its 


tory at have been an 
nounced 
general supervision of I D 


manager of the Western Division of 
I he 
11 
Aviation, Ine 
flight equipment 


Alto as the site for 


facility 
Ave., Palo 


prone ! 


research 
niversity 
training selected 
this 
because of the area’s 


engineering facilities 


yrowlng center ol 


tithe 


Importance ‘ al scien 


and industrial research activities 


Palo Alto 


there may 


Another reason for locating at 
is that Link engineers employed 
avail themselves of the 


many opportun 


ities to obtain 


ford 


laborators 


advanced degrees at Stan 


Additionally, the opening of this 


make possible closer co 


Link 


manutacturers 


will 
aircratt 
the 


ordination between ancl the 


and missile located on 


West Coast. Projects to be carried out at 


TRICAL ENGINEERING 


when u 


iting 


the new laboratory will inelude design 
and development work on advanced elec 
computing 


cuits and guided missile test systems. 


tronic systems, transistor cir 


Control System. A 
television 


Television 
industrial 


Industrial 
single-cable control 
that 


system combines both visual observa 


tion remote control throughout a 


plant over a closed-circuit television sys 
tem has been introduced by the Jerrold 
23rd and Chest 
Philadelphia, Pa. A unique 


feature of this system is its ability 


Electronics Corporation 


nut Streets 


to carry 


all functions such as two-way pictures 


two-way communications, and remote con 


trol, on a single coaxial cable. Previously, a 


separate cable had been required to carry 
each of these functions. This Jerrold Corp 


system permits the use of virtually any 


closed-circuit’ television camera. Cameras 


of different manufacture can be mixed in 


the same system and plugged in at any 


While 


it also offers an 


point featuring multiple inputs 


unlimited number of out 


commercially available television 


The 


the presently available supervisory control 


ruts to 
I 


receivers system Can integrate any of 


equipment which can select cameras 


remotely and adjust them to show the de 
the 


every 


sired picture. Since system will 


key 


various departine nts can make use 


vide an outlet in area of a 
factory 
ot the 


ing the 


camera at different times dur 
I he that is 


engineer for an 


Ssaine 


day camera used by 


the safety area study in 


the morning can be moved to a new loca 


tion by the public relations department 
for part of a plant tour in the afternoon 
while the night watchman can make use 
of it at still 
No 


plugged into the system, it 


another location in the eve 


ning matter where the camera is 


can be con 
trolled by the user from the point that is 
him 


most convenient for 


Spacious New Plant. Chart Pak, Inc., will 


move its entire production facilities and 


executive he adquarters fo a spacious new 
construction in Leeds 


Mass early 


manufactures 


plant now under 
a suburb of 


Winter 


visual 


Northampton 
The 


aids tor use 


this company 


in making graphs, o1 
ganizational and flow charts and 
othe 


other graphic and pictorial materials com 


plant 


layouts, printed circuits, as well as 


monly used by statisticians, accountants 


The 


syin 


engineers, architects, and draftsmen 
Chart-Pak 
bols and 
backed 
T he 
four times the size of the present plant It 
North 
The 


the 


method uses standardized 


shapes printed on adhesive 


pressure sensitive tapes or sheets 


new one-story structure would be 
is being built on a four acre site in 
Mass., a 40,000 


the 


ampton city of con 


struction of and size of 


the 
The 


designed to 


building 


site will facilitate future expansion 


rear wall of the new building was 


allow for expansion of the 


building at a minimum cost and with no 


disruption of production 


(Continued on paye 24A) 
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Beerce 


VOLTAGE REGULATED POWER SUPPLIES 


for Transistors + Strain Gages 
Relays « Filament Power 





Regulation Recovery Stability Output Impedance Dimensions 
Current Line Load Time* For 8 Hours | 0C-20v ,20~ —100 KC] W o 
105-125 0-Max. 





0-2 Amp. 5 Mv. 5 Mv. . 50 pu sec, 10 Mv 0.002 Q 0.00050 2 10” 


nee 












































0-5 Amp. 5 Mv. 5 Mv. 50 sec 10 Mv 0.001 Q 0.00020 28” 





Good stability 
Fast recovery time 
Low output impedance 


Excellent regulation 
Low ripple 


POWER REQUIREMENTS; 105-125 volts, 60 cycles 
FUSE PROTECTION: Input and output fuses on 
front panel. Time delay relay is included to 
prevent unregulated voltage from appearing at 
the output termination 
OUTPUT TERMINATIONS: DC terminal are 
clearly marked on the front panel. Either posi 
tive or negative terminal of the supply may be 
grounded, DC: terminals are isolated from the 
chassis. A-.binding post is available for connect- 
ing to the chassis; All terminals are also brought 
out at the rear of the unit. Two terminals are 
mounted at the rear of the chassis to provide for 
picking up the error signal directly at the load 
This connection compensates for the voltage 
drop in the wires (and ammeter) connecting the 
power supply to the load 
METERS: Ammeter: 0-2 amperes, 4” 

for Model 2660 

0-5 amperes, 4” rectangular 

for Model 2650 


Voltmeter: 0- 60 volts 1” rectangular 


CONTROLS: Power on-off switch, DC on-off 
switch, remote error signal on-off switch, coarse 
and fine voltage controls. The coarse voltage 
control is a ten turn potentiometer which varies 
the voltage from 0-60 volts. The fine voltage 
control is a ten turn potentiometer which varies 
the voltage 1 volt. The voltage divider network 
allows a 61 volt variation in output voltage 

Recovery time is less than 50 microseconds 
The excursion in the output voltage during the 
recovery period is less than 50 millivolts for line 
fluctuations from 105-125 volts or load varia- 
tions from 0-to maximum current. 


FOR COMPLETE LINE 
WRITE FOR CAT. B-568 


KEPCO LABORATORIES, INC. 


131-38 SANFORD AVENUE © FLUSHING 55, N.Y. © INDEPENDENCE 11-7000 
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Anaconda 15 kv aerial cable installed at oil refinery. 


New high-voltage cable cracks the ozone barrier 


SAMPLES of Pype 


are 


plac ‘ d in o7one 


ch unbe I 


AB insulated cable bent in small circles 


for ozone-resistance test. 


Butyl insulation in Anaconda Cable exceeds 
ozone-resistance test requirements by 2400% 


Under high electric stress, minute particles of air break 
down, form corona. This generates ozone which may com- 
bine with the rubber hydrocarbon of the insulation. With- 
out superior ozone resistance, the insulation fails. 


But now you can get extra protection against ozone—and 
ozone damage — with Anaconda Type AB butyl-insulated 
cable, This insulation is compounded for inherent ozone 
resistance along with other desirable properties. 

In standard ozone-chamber test, Type AB insulation 
(after aging) shows no injury after 72 hours in 0.025- 
0.030% ozone concentration . . . 24 times longer than re- 
quired by oil base and butyl specifications. 


New Engineering Bulletin EB-27 gives full details on per- 
formance of Type AB insulation in 15 Industry Specification 
Tests. See the Man from Anaconda or write: Anaconda 
Wire & Cable Co., 25 Broadway, New York 4, N. Y. 6201 


see tHe man rrom AANACONDA 
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pioneer in BUTYL INSULATION 
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is SAVE ELV Eee eee 


t Control Center installation in U. S. Industrial 
Chemicals Company, Dubuque, Iowa plant. 


consuming, “piecemeal” starter 
installation. 





convinced us that a SQUARE D Control Center 
offered us MORE!”’ 


These design features make Square D 
your logical choice, too... 

INCREASED SAFETY because bus bars are 
fully enclosed, rigidly supported and have ample 
cross section. Circuits are isolated by individually 
enclosed plug-in units. Disconnect handle designed 
for maximum operator protection. 

FLEXIBILITY. Individual plug-in units or complete 
sections are easily added, removed or exchanged. 


Pushbuttons, pilot lights, and selector switches are 
readily added to unit doors. 


INSTALLATION ECONOMY. All wiring channels 
are large and accessible from front without remov- 
ing units. No “wire fishing.” 


SPACE ECONOMY, TOO. Up to six combina- 
tion starters fit in a 20” x 20” x 90” section. Plug-in 
unit heights designed in space-saving increments 
of 3 inches. 


now...EC&M propucts ARE A PART OF THE SQUARE D LINE! 


SQUARE 
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(Continued from page 20A) 
control batteries are built for Industrial Notes 


Aluminum-Clad Copper Wire. A_ thin, 
25 years of protective aluminum “skin,” only two and 
a half mils thick, has been placed on 

copper wire by Westinghouse engineers. 
ae acka ed ower’’ Ihe skin promises to increase the life, 
p £ p reduce the size and raise the efficiency of 
present-day electrical equipment by allow 
ing if to operate over long periods of time 
at higher temperatures than are now prac 
tical, In a new metallurgical technique 
the wire is encased in a thin protective 
coating of aluminum, to which is then 
added a second coating of high-tempera 
ture insulation, The result is an enameled 
aluminum-clad copper wire that combines 
the high electrical conductivity of copper 
the superior oxidation resistance of alu 
minum, and the added protection of mod 
erm insulating enamel. In almost every 
application encountered, from jet planes 
and guided missiles to routine jobs in 
industry, electrfcal apparatus is called 
upon to operate at ever-increasing tem 
peratures Such temperatures tend to 
destroy what are usually the most sought 
for properties of materials such as 


strength and chemical inertness 


Fluorescent Lighting Clinics. Clinics are 
being conducted by lighting specialists 
Sylvania Electric Products Inc in I] 
major cities of the United States this win 
ter. A team of lighting specialists from 
the company’s Lighting Division head 
quarters here and from the company’s 
sales districts, are participating im the 
clinics in the Midwest, Far West and 
South, Heading the specialist group is 
I. C. Sargent, staff commercial engineer of 
fluorescent lamps, at division headquarters 
here Demonstrations cliscussions and 
trouble-shooting” SESSIONS ure being 
scheduled with local groups in each of the 
areas. Problems of installations, specifica 
tions, and design features of various types 
At Weyerhaeuser Timber Company, switchgear control of fMuorescent lamps and fixtures are 
botteries in Everett, Wash., sulphite mill ore C & D PlastiCal® covered in the meetings. A feature of the 
the batteries built for control ond to last 25 years clinics is a demonstration of Sylvania’s 
newest fluorescent development, the very 
. : high output lamp which provides more 
™ than twice the light output of conven 
’ ¢ Dp 4 AsT CAL- ® tional fluorescent lamps. This new de 
... they re é r Pi , » velopment is canal as a completely 
y a new fluorescent lamp development which 
goes beyond any previous achievements in 
Not just “batteries”! These are suppliers of woodpulp to the paper high intensity fluorescent lamp sources 
engineered C & D PlastiCal® (lead and allied industries, wanted more 
calcium)control batteries — batteries than just batteries. Their choice: Million-Watt Television Station. Complete 
specifically designed for switchgear, C & D PlastiCal® —the control bat- Radio Corporation of America (RCA) live 
control, and auxiliary power service teries with the “‘more battery for and film color television camera systems 
batteries built to deliver high, the money advantages.” have been purchased for immediate ce 
steady output with only minimum See why livery by the nation’s first million-watt 
- uhf television station, was announced 
maintenance for the next quarter- For details, send for Bulletin CP-536. by WBRE-TV. Wilkes-Barre. Pa. and the 
century ! Find out about the battery of broadcast and television equipment de 
Weyerhaeuser Timber Co., big tomorrow—today! partment, RCA. Installation of the RCA 


camera chains will make WBRE-IV the 


world’s most powerful broadcast station 
& § re ? Ee * t Ni e with facilities for originating live local 





color television programs. The Channel 
of Conshohocken, Pr. 28 station also will be the first television 
" outlet in the Wilkes-Barre area equipped 


Since 1906 to originate local colorcasts 


Sales and service offices in principal cities from coast to coast (Continued on page 28A) 
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Where CREEP is a problem... 


ESTS PROVE 90% LESS CREEP IN 
ELLURIUM LEAD ALLOY SHEATHING 


N ROEBLING 


Roebling electrical wires and cables are available with either copper or aluminum conductors, 


Only one-tenth the creep of ordinary cables—that’s just 
one of the unusual properties of Roebling Tellurium Lead 
Alloy Sheathing on paper power cable, as shown by ex- 
haustive creep tests in Roebling laboratories and by out- 
side research. These impressive laboratory results are 
matched by field experience with thousands of feet of 
Roebling cable with Tellurium Lead Alloy Sheathing. 

Look at the results on the graph yourself. You'll see 
that at 150° F Roebling Tellurium Lead Alloy Sheath 
stands up remarkably well, where copper-lead sheath, 
under the same conditions, stretches nearly 1.3% after 
only 4,000 hours at 200 psi. 

Couple the unusual superiority of Tellurium Lead Alloy 
Sheath with the serviceable inner construction of Roebling 
Paper Power Cable—the uniform controlled-tension ap- 


plication of the paper tapes, for instance—and you have 


more than one reasqn why this cable is being specified 
by name, more and more, wherever power cable has to 
last a long, long time. 


Write for full particulars today .. . rid yourself of cable 


problem s tomorrow! 


cater oF tt 1 COPPER BLARING LEAO 


oO 
° 





FPO EE Lifidc; 


JOHN A. ROEBLING'S SONS CORPORATION, TRENTON 2, N. J. 
Subsidiary of The Colorado Fuel & Iron Corporation 


Branch Offices in Principal Cities 
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SECONDARY 


ENGINEERED AT I-T-E and coordinated to meet 


conditions found in your plant, 











TESTED AT I-T-E 


ance under operating conditions, 


I-T-E MAKES IT 


© assure case of installation, and top perform- 


the operating 


UNIT SUBSTATIONS 


rerpenee rere: 


<i 


BUILT AT I-T-E with such extra features as circuit breaker test- 
position with doors closed, 


4 


SHIPPED FROM I-T-E to assure prompt delivery of one complete 


“package,” ready to install. 


EASY TO BUY 


COMPLETELY COORDINATED UNITS 


ning, paperwork, and the 


Only I-T-I 


formers and switchgear in 


builds trans- 


the same plant. This per- 
mits them to assume all re- 
sponsibility for your unit 
substation requirements. 
Close association of engi- 
neering and production re- 
lieves you of detailed plan- 


problems of coordinating 


deliveries. Shipment is from one location. Installation 


is speeded. Substation components are completely inte- 


grated to provide top performance at low overall cost. 
Typical of the I-T-I 


test-position 


Unit 
with 


which onl) 
breaker 


and without removing them. This means 


extra value 
Substations offer is circuit 

doors closed 
additional safety to operating personnel, greater cleanli- 
ness, simplified tagging out of circuits, and longer life. 
I-T-E Secondary Unit Substations can be supplied for 
any application, indoor or outdoor, and in any standard 
rating. For details, contact the I-T-E sales office nearest 
you. Or write I-T-E Circuit Breaker Company, Switch- 
gear Division, 19th & Hamilton Sts., Philadelphia 30, Pa. 


I-T-E CIRCUIT BREAKER COMPANY ® Switchgear Division 


we mention ELECTRICAL ENGINEERING when 


writin lo advertisers 
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Anaconda specifies Enjay Butyl rubber 


TO DEFY OZONE IN HIGH-VOLTAGE CABLES... 


for more current per circuit...more power per dollar 


Anaconda specifies Enjay Butyl insulation for high-voltage cables be- 
cause this rubber has incredible resistance to ozone. Surpassing the in- 
dustry’s standard three-hour specification test, Enjay Butyl insulation 
used by Anaconda showed no injury after 72 hours of ozone concentration 
tests—24 times longer than specification requirements. Other rubbers 
would deteriorate and crack in a fraction of this time. 

With the help of Enjay Butyl, millions of feet of Anaconda’s cable 
now in use deliver more current per circuit, more power per dollar. 

Perhaps your product, too, can be improved with versatile Enjay 
Butyl. It comes in non-staining grades for white and light-colored parts, 
offers excellent electrical properties, low price and immediate availability. 
For full information, contact the Enjay Company. Complete laboratory B U T Yy L 
facilities and technical assistance are at your service. 





Enjay Butyl is the super-durable rubber 
Pioneer in Petrochemicals with outstanding resistance to aging « 

abrasion + tear « chipping + cracking « 
ENJAY COMPANY, INC., 15 West Sist Street, New York 19, N.Y. ozone and corona + chemicals + gases 
Other offices: Akron + Boston « Chicago « Los Angeles + Tulsa + heat + cold + sunlight + moisture. 
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(Continued from page 24 1) 


Industrial Notes 


Silent Sound Waves. American industry, 
led by the Air Force, Navy, and Atomic 
Energy Commission, will buy more ultra 
sonic equipment in 1957 than in all pre 
vious years, it was predicted at an ultra- 
sonics symposium held at the Yale Club, 
New York, N. Y. However, artificial bar 
riers threaten to slow future progress 
unless industry takes co-operative action 
now. The market for industrial applica 
tion of ultrasonics, silent but remarkably 
powerful sound waves, will undergo a 
threefold) expansion in the next 12 
months. “Silent” sound waves will drill 
odd-shaped holes in diamonds, glass, and 
other hard materials, sound waves will 
clean and degrease precision equipment 
faster than any other method, micro 
scopically clean and sterilize surgical 
instruments immersed in cold water, de 
contaminate radioactive objects, solder 
aluminum in the absence of flux, dye 
fabrics, sense the liquid level in a tank 
ferment beer, detect hidden flaws in metal 
detect tumors in the human body, and 


treat arthritis 


Missile Flight Control System. Lear, Inc., 
has been given permission by the United 
States Air Force to disclose that the flight 
control system for Lockheed’s \-7 missile, 
a supersonic ramjet-powered test vehicle, 
has been supplied by Lear since inception 
of the project in 1949, After launching 
from a 8-29, and after being accelerated 





to ramjet operating speed by rocket, this 
missile performs its prescribed test mission 
and then is decelerated and recovered by 


a 


FOUR-CHANNEL CARRIER-TELEPHONE TERMINAL FOR RADIO LINKS 


This is a miniaturized unit of advanced design which provides four 
voice channels on a frequency-division basis above a voice-frequency 
order-wire channel. Each of these five channels is provided with a 4-wire 
2-wire termination and a voice-frequency ringing circuit for d-c or 
20-cycle signals. Adjustable attenuators are provided in the 4-wire parachutes, After servicing, the control 
side of all channels, and a built-in test oscillator and meter permit system normally is ready for another flight 


complete line-up, maintenance and trouble-shooting checks to be Paws, the mleties Signt contro! system 


made. Channel levels are from —9 to 0 dbm and line levels from -30 
to O dbm. Channel width is 300 to 3500 cycles within 1 db. 

This unit is only 5%’ high by 19” wide by 14” deep. It mounts on stand severe shocks of repeated recoveries 
a standard rack and operates from 115 volts 50-60 cycles a.c. without damage. Existence of the X-7 was 


not only had to meet Lockheed and Au 
Force requirements for control at high 
altitudes and speeds, but also had to with 


revealed several months ago by spokesmen 


RADIO ENGINEERING PRODUCTS of the Air Research and Development 
1080 UNIVERSITY ST., MONTREAL 3, CANADA ne 


TELEPHONE CABLES 
UNiversity 6-686867 RADENPRO, MONTREAL (Continued on page 0A) 





Please mention ELECTRICAL ENGINEERING when writing to advertisers FEBRUARY 1957 























“It’s Everybody's Family Tree!” 


The familiar utility pole might well be considered 





‘part of the family’’. Through the years it has 
supported the wires that bring light, warmth, 
communication and labor- saving 


energy into every home. 


In countless locations, these wires are being 
supplanted by SIMPLEX SELF-SUPPORTING 
AERIAL CABLES, which have built an 





unmatched reputation for efficiency and 
dependability. For sixty-seven years, 
Simplex has pioneered in the design, 
development and manufacture of all types 
of aerial cables used for both communication 
and power distribution. The benefits of 
this specialized experience are yours for 
the asking. Write for Catalog 1006, 

which gives detailed information. 
SIMPLEX WIRE & CABLE CO., 

79 Sidney Street, Cambridge 39, Mass. 


Wire sculpture 
= ; by Henry Szatarz 
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High Quality at Low Cost 
Maximum Performance 
Proven Dependability 
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SYM. 14 1? O// Vacuum Process 


SELENIUM RECTIFIERS 


Through their unique vapor deposit process and quality control 
methods, SYNTRON is able to provide Rectifiers of extreme uni- 
formity, long life and stability. Engineered to meet the most rigid 





requirements, Constructed from quality materials, treated to with- 
stand adverse climatic conditions. Designed to provide continuous, 
dependable, trouble-free, maintenance-free service. Operation is 
instantaneous, no warm-up period is required. Their low forward 


voltage drop means greater efliciency, low ageing, and long life. 


SYNTRON produces the largest variety of selenium cells in the 
industry. Let our applications engineers make recommendations for 


your rectifier needs. 


Other SYNTRON Equipment 
of Proven, Dependable Quality 


Power Conversion Sinvated Parts 
Units Wire Feeders 


oe 


SYNTRON COMPANY 


440 Lexington Avenue Homer City,Penna. 


Write for complete catalog data—Free! 
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(Continued from page 28A) 


NEW PRODUCTS 


Variable Calibrated Attenuator, A long 
life of accurate service is promised for a 
new precision calibrated attenuator an 
nounced by the Admittance-Namco Corp., 
Farmingdale, L.1., N.Y. Featuring ; ery 
simple and very rugged design, it is not 
affected by changes in humidity or tem 
perature variations, The accuracy at cali 
bration frequency is 0.2 db, Voltage stand 
ing wave ratio (VSWR) at the maximum 
10 db attenuation is 1.15. In the range of 
0.20 db insertion it is less than 1.1 VSWR 
[his attenuator is micrometer driven 
with the driving mechanism entirely tree 
of backlash. Its dissipative clement is an 
evaporated nichrome film on a glass plate, 
A calibration chart is supplied with each 
instrument and it can be calibrated at 


any frequency upon request 


“Zippertubing.” Time and labor costs are 
greatly reduced in the lacing and tying 
operation of electrical harness assemblies 
through the use of a zipper-style plastic 
tubing, called “Zippertubing.” Air Force 
approved, zippertubing is used to enclose, 
identify, and protect multi-conductor wit 
ing in the aircraft, electronic, or electrical 
industries. The simplicity and ease with 
which wiring can be encased with zipper 
tubing offers many applications in addi 
tion to the primary use as a substitute 
method for lacing and tying, such as wit 


ing ducts, wire marking (in short lengths) 


ind as a replaceable cable jacket to pro 
tect expensive custom cables from abrasive 
wear. Custom cabling for experiment il 
use also can be made up quickly, avoiding 
prohibitive factor set-up costs. When 
/ippertubing is used, the need tor dilating 
conventional tubing is eliminated Suille 
tins are available trom W \. Plumme 
Manufacturing Co., 752 S. San Pedro St 
Los Angeles, Calif 


Phermostat. The Klixon snap-acting, cise 
type thermostat for applications where 
maximum shock and vibration resistance 
are required is presented by the Spencer 
Thermostat Division of the Metals & Con 
trols Corporation in Attleboro Mass 
These controls teature the Spence) lise 
thermal element, fine silver electric con 


tacts, and a complete hermetically sealed 


Continued on page 554) 
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4,000,000’ of ' 
TRIANGLE 


Trioprene 4 
XQ 
Underground Cable ~* 


Four million feet of cable may seem like a lot to bury 

in the ground—but not to Con Edison. That’s only a 
part of their expansion program to meet the power v 
demands of growing New York. Today's demands and 
tomorrow’ s. 


Secondary network cable is so important a part of their 
distribution system, Con Edison engineers require a 
product which will operate satisfactorily under the 
conditions that exist in their underground system. 
Triangle Trioprene Secondary Network Cable answers 
this demand. It is insulated with a low moisture ab- 
sorption rubber compound and protected with a tough, 
heavy duty jacket, resistant to heat, sunlight, moisture, 
abrasion, oils, grease, acids, alkalis and most solvents. 
Because of the excellent aging characteristics of the 
Neoprene Jacket, it retains its protective qualities for 
long periods of time even under adverse conditions. 
Get all the facts on Triangle Trioprene—write today 
for literature. 


Aris TRIANGLE 


NEW BRUNSWICK, NEW JERSEY 
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NORWALK, CONNECT. 




















OTHER FACTORIES: NEW YORK, CALIF., TORONTO + EXPORT: PHILIPS EXPORT CORP 


electrical connectors for substations 





“CORDON” CIRCUIT BREAKERS 





Widely accepted for high fault protection 
on low voltage applications 


...4 frame sizes available for immediate delivery 


Conceived and engineered at 1-T-E. Rec- 
ognizing the need for a practical and 
economical means to adequately protect 
low-voltage distribution circuits where 
very high fault currents are encountered, 
I-T- bk. engineers conceived and develop- 
ed the first completely integrated current- 
limiting molded case circuit breaker. 
Named the “Cordon”, this compact cir- 
cuit breaker has an interrupting rating 
of 100,000 rms amperes, 


Manufactured and tested by 1-T-E. The 
“Cordon” combines all the design and 
operating advantages of standard I-T-I 
molded case circuit breakers with the 
proven high interrupting ability of cur 
rent limiting Amp-Traps.* A prototype 
of this was developed, tested and re 
tested until it met the rigid I-T-I 
standards. Then, and only then, was a 
complete line offered to industry. Four 
frame sizes are now available. 


*Amp-Trap: T.M. Reg. The Chase-Shawmut Co 


Widespread acceptance. Now thousands 
of delivered ““Cordon” circuit breakers 
prove industries’ acceptance of this de- 
vice and confirm I-T-E’s belief in the 
need for it. More and more “Cordon” 
circuit breakers are being specified as the 
practical, economical answer for low 


voltage, high fault applications. 


Learn more about this new concept in 
circuit protection, Contact the I-T-I 
sales office nearest you, or write for 
Bulletin 5042A, 


I-T-E CIRCUIT BREAKER COMPANY « Small Air Circuit Breaker Division 


19th & Hamilton Sts., Philadelphia 30, Pa. 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


FEBRUARY 1957 








hl TS) otal fa 
— et. be feet 
f we ' , 





(ttf tty egy ‘ 


wee vn BRE AY et 


NY) 


MHA y ai 


Witte 


400 amp CKL 


600 amp CL frame 





Engineers are now specifying 
these I-T-E Current-Limiting 
“Cordon” Circuit Breakers. 


Immediate delivery can be 
made on all four frame sizes, 
for 600 v a-c and 250 v d-c 


service, 15 to 600 amperes 














Nearly all electrical cables must carry 
identification for such various reasons 
as to establish identity of manufacturer, 
age, circuit choice and temperature rat 
ing. Of these, the important identity to 
most users is to readily permit proper 
circuit or phase selection as well as 
ource of manufacture. The methods 
employed to gain these objectives must 
result in quick and clear intelligible 
information conveyed in a medium 
which is reasonably permanent and 
economical to achieve 


Circuit Identification 


The subject of circuit identification in 
cables is somewhat complex. Its pur 
pose is obvious—to identify a particular 
circuit, phase, polarity or other end use 
towards easier installation and main 
tenance. The most conservative ap 
proach eliminates all requirements for 
circuit identity within the cable so that 
each and every circuit must be electri 
cally “rung out” or checked by the 
installer, However, the most popular 
approach requires some particular form 
of identity, of which there are many 
Industry standards for a_ particular 
type of circuit identity have been es 
tablished by many groups including 
IPCEA, NEMA, NEC, ASA, IMSA, 
Underwriters’ Laboratories, and many 
others 

Insofar as control cable is concerned 
the original NEMA color sequence ar 
rangement has became so well estab 
lished that any newer methods simply 
represent an alternate interpretation of 
the original system as outlined in 
IPCEA Table XXX. This provides for 
127 different color combinations by the 
employment of solid base colors and 
either one or two stripes or tracers of a 
contrasting color. This procedure as 
originally established was intended for 
fabric braid coverings where it was a 
simple matter to insert colored tracer 
threads in one or more carriers of the 
woven braid. To apply the identical pro 
cedure to modern jacket coverings over 
the insulated conductors such as Neo 
prene and polyvinyl chloride where 
braids are not employed presents certain 
problems. Hence, the development of 


836A 





Cable Identification? 





a new identification method (IPCEA 
Method 3) now used by the Rome Cable 
Corporation for these types of multi 
conductor control cables where a con 
trasting, permanent surface printing is 
applied over a single black or neutral 
base color. The first six primary colors 
are printed 1-black, 2-white, 3-red, 4 
green, 5-orange, 6-blue. For more than 
six conductors the tracer color is printed 
directly following the base color such 
as 7-white-black, 8-red-black, etc. To 
be readily distinguishable the printing 
appears on opposite sides of each con 
ductor at regular frequent intervals. 
This low-cost method is strongly rec 
ommended for these types of cables 
since it expedites production, eliminates 
problems of color matching and fading, 
eliminates errors due to color blindness 
which is fairly prevalent, and provides 
a positive method of identification for 
the life of the cable. Other identifica 
tion possibilities involving colored spi- 
rally or longitudinally applied stripes 
over colored jackets are also used and 
are described in IPCEA Methods 1 
and 2 

Power cable identification is simpli- 
fied since here we are only concerned 
with a» maximum of three or possibly 
four phase identities which may be 
accomplished in a number of ways. On 
unshielded non-metallic sheathed ca 
bles a preferred system utilizes per 
manently molded longitudinal ribs on 
the sheath surface, The same procedure 
may well be used on shielded cables 
although appropriately printed semi 
conducting tapes under the metallic 
shielding tape has been generally ac 
cepted. On lead sheathed cables a col 
ored tape directly under the lead sheath 
accomplishes the job. On certain multi 
conductor signal, telephone, telemeter 
ing, Instrumentation and communica 
tion cables a simple method of circuit 
identification is frequently employed 
which consists of one colored conductor 
or pair in each layer of the multi-layer 
assembly of conductors. This colored 
circuit serves as a reference point from 
which the remaining circuits may be 
located by counting in a given direction 
in each layer. 


ROME CABLE CORPORATION, Rome, New York 
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No. 7 in a series 
of articles 


Manufacturer and 
Miscellaneous Identification 


A relatively simple time-proven system 
is used by most cable manufacturers 
to identify their product as an aid in 
reordering or replacing cable. Manufac 

turers of Underwriters’ labeled prod 

ucts such as building wires and cords 
are assigned specific colored marker 
threads to be incorporated in their 
products and most manufacturers usu 

ally extend the use of these same col 

ored threads in other cable products 
where practicable. This identification 
consists of colored combinations of 
small threads. For example, Rome 
Cable Corporation uses one yellow and 
one blue thread. These threads may 
be incorporated in appropriate loca 

tions within the cable design, such as 
in or over the stranded conductor, in 
the interstices of a multi-conductor as 

sembly or under the outer sheath. Other 
methods of manufacturer identity are 
frequently used such as stamping on 
solid conductors, printed marker tapes, 
or surface printing in some acceptable 
manner such as the permanently molded 
name used on all Rome-60 portable 
cables. In some cases even the custom 

er name and other information may 
be included where practicable and 
added cost is not prohibitive. 

A printed marker tape incorporated 
within the cable assembly is the easiest 
approach to this situation which may 
be further embellished with unit length 
markings as well as date of manufac 
ture. A rather novel method to accom 
plish this was developed by Rome 
Cable engineers (U.S. Patent 2,705, 
735) which comprises recording on a 
magnetizable wire a record of informa 
tion relating to the cable and combin 
ing this wire in a suitable location 
within the cable construction. 

The foregoing represents only a con 
densed review of the highlights on this 
little publicized subject. Most problems, 
of which there are many, can be solved 
by following appropriate standards and 
some of the ideas mentioned above 
Here again, Rome Cable’s experience 
might be of real value to you, so why 
not discuss your particular cable iden- 
tification problem with us? 
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Not just for your special-purpose motors... 
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Carbon Brushes , 
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AG 
Get the right commutating ability for the particu- 
lar type of motor and the given service conditions 


Fou hequkan duty a handsome choice 


of grades with proven dependability... = it’s 5 or 250 h.p.... light or —— 
uty...motor or generator...the right 
ane oa-S8 ose 206 brush pays big dividends in efficient 
UMUSU al output and long equipment life. When- 
Fou duty light or ever you have a problem concerned 
severe, many specialized grades including... with brush performance and commu- 
SA-4548 SA-3538 258 tation, feel free to call on NATIONAL 
SA-4542 SA-3532 CarBON for specialized advice. 


The term “National”, the Three Pyramids Device and the Silver Colored Cable Strand are registered trade-marks of Union Carbide and Carbon Corporation 
NATIONAL CARBON COMPANY <«_ A Division of Union Carbide and Carbon Corporation + 30 East 42nd Street, New York 17, WN. Y. 
Sales Offices: Atlanta, Chicago, Dalias, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto 
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HELP 


" A graphic instrument will tell you what happens 
WE i taa)) ’ to a machine, the output of a department or whole 


plant, will serve as a continuous inspector of 


products or processes 


Electronic En- 
gineering in 











dar and parti- 
cularly circuit Graphic Wattmeter. 


"a designing 






















Hydraulic and 
Servo Engi- 
neering in con- 














FOR LESS THAN 
IS THE KIND OF |e > 7) Se 
ENGINEERING |p 30 A DAY 


While you are working elsewhere 


In no other way can the engineer be in so many 
places at once. And at a cost of less than 30 


cents a day per recorder. You can't afford to be 


wy 
f 

t em ANY telemetering, without graphic instruments in your plant. Ask 

av? Dy 


guidance, ta for Bulletin 939A—What You Can Do With a 


e PRODUCT REPRESENTATIVES IN MOST PRINCIPAL CITIES 


The ESTERLINE-ANGUS Company, Inc. 


Pioneers in the Manufacture of Graphic Instruments 
Dept. B2, P. O. Box 596, INDIANAPOLIS 6, INDIANA 
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GALVANIZING 








.. . FOR EVERY REQUIREMENT 
IN THE ELECTRICAL FIELD 


Our Record: Over 50 years of 


progressive galvanizing service 






















Mechanical En- 
gineering in 
packaging and 
structures, 











to manufacturers and fabrica- 








tors of iron and steel products 














Please write us 
or mail coupon for 
full information. 


. . any size or shape, any size 


order from the smallest to the 








largest. Excellent facilities for 















pickling and oiling. 





WwW. C. Walker, anmnoers papteyment Mer. 
Pacific Division, Bendix Aviation Corp. 
11616 Sherman Way, North Hollywood, Calif. 






“TO ECONOMIZE, 
GALVANIZE AT 
ENTERPRISE” 







| am interested in this engineering field... 
| am a graduate engineer with degree. 
| am not a graduate engineer but have _.. 

















years experience 


Name ENTERPRISE 
Address - ce EA's E EP 4al cca ae m 


i (252) Bee DS eas 
PHILADELPHIA 25, PENNSYLVANIA 































City 









Zone 











LIGHTNING 
REFERENCE 


BIBLIOGRAPHY 
1936-1949 


Prepared by the AIEE Light- 
ning and Insulator Subcom- 
mittee, this bibliography. 
S-37, contains 754 separate 
references on lightning and 
related topics published from 
January |, 1936, to December 
31, 1949, in most of the better 
known English, French, and 
German journals on electri- 
cal engineering or physics. 


For easy reference, there is 
a Subject Section, subdivided 
into 18 classifications, and an 
Author Section, which con- 
tains a list of about 550 au- 
thors. Price: $0.70 ($0.35 to 
AIEE members). 


Available from the Order 
Department, AMERICAN IN- 
STITUTE OF ELECTRICAL 
ENGINEERS, 33 West 39th 
Street. New York, N. Y. 
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5% Pull-C 
Strength 


KUHLMAN eliminates service 
interruptions due to faulty 


transformer connections. 


Depth of indent in each For your plus protection, the depth of indent on every single 
KUHLMAN connector is “micro- KUHLMAN transformer terminal connection is “micro-checked'’ 
checked’ te 1000th of en inch te to 1000th of on inch, us 
insure that the cdrrect. crimping With a minimum pull-out strength of 85 %o— just short of the 
mechanical strength of the conductor—plus a conductivity 
greater than 100%, KUHLMAN connections actually operate 
cooler than the conductor. These KUHLMAN connections will 
outlive the long life of the transformer itself. 

In the KUHLMAN laboratories, advanced studies on coordi 
nating wire, terminal sizes and depths of indent are resulting 
in new standards of transformer dependability and long life 
resistance and cooler operation Your KUHLMAN representative will be happy to explain the 
than the conductor itself. engineering that has won approval for KUHLMAN transformers 

in hundreds of America’s outstanding utility companies. 


KU t, [MA ELECTRIC COMPANY 


BAY CITY, MICHIGAN CRYSTAL SPRINGS, MISSISSIPPI SALINAS, CALIFORNIA 


operation has been performed. 


All factors are coordinated— 
depth of indent, connector diam- 
eter and conductor sizes. This re- 


sults in a joint that has lower 
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A NEW IDEA IN POWER DISTRIBUTION 
WESTINGHOUSE 


UNI-BUS 





better because it's downright easy to use... 











No busway is easier to use than new Westinghouse Uni-bus. 
One reason is the exclusive flexible connector that does 
away with all special fittings. And it simplifies layout and 
installation because no exacting field measuring is required. 


One more reason Uni-bus is your best buy is the clip-on 
hangers which literally snap into place. And Uni-bus is 
lighter than any other busway. 


Uni-bus is absolutely safe to use. It is impossible for 
personnel to touch live parts through plug-in openings. 
For more information, call your Westinghouse distributor, 
or write for booklet, B-7015, Westinghouse Electric 
Corporation, P, O. Box 868, 3 Gateway Center, 
Pittsburgh 30, Pennsylvania. 





you CAN BE SURE...i1F 17s 


Westinghouse 
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“Ere Builded Better Than He Knew”* 


The Problem 


*Ralph Waldo Emerson's 














George Stephenson: 


George Stephenson’s contract for the 
world’s first public railroad was won, in 
1829, on the basis of quality and integrity 
of craftsmanship. Stephenson went on to 
establish nine major railroads, before his 
death in 1848. Some of the standards laid 
down by him, over one hundred years ago, 
are still in use today. 

When Austin Goodyear Day developed 
Kerite, he too ‘““Builded Better Than He 
Knew.” Early telegraph and railroad sig 


nal installations proved that Kerite was 
completely reliable. Throughout the years, 
the inherent qualities of Kerite insulation 
have protected the increasingly heavy 
voltages of utility power and industrial 
lines. Pioneers, and all who serve the 
public, know that time is the measure of a 
product’s value. The proven long-life ses 
vice of Kerite cable continues as today’s 
standard for major installations around 
the world 


The value and service life of a product can be no greater than the integrity and craftsmanship of its maker. 


KERITE CABLE 


THE KERITE COMPANY—30 Church St., New York 7,N. ¥ 
Offices also at 122 S. Michigan Ave., Chicago; 582 Market St., San Francisco; 
3901 San Fernando Rd., Glendale 4, Calif.; 31 St. James Ave., Boston; 
4101 San Jacinto, Houston 4, Texas; 1010 Euclid Avenue, Cleveland 17, Ohio; 


29 West Lancaster Avenue, Ardmore, Pa. Founded 1854 
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You can SELECT 





at RCA 





...New Opportunities ...17 + Locations... One Best For You And Your Family 


Can anyone but RCA offer you 

a choice of locations like this? 

At Camden, Moorestown or Cherry Hill, you enjoy 
cultural advantages of Greater Philadelphia, live at 
moderate cost in pleasant suburban communities. 
Waltham offers at-home opportunities for New 
England engineers. Four ideal West Coast loca- 
tions. Harrison borders on Greater New York. 
Lancaster, Marion and Findlay have small-town 
advantages. There’s pleasant year-round outdoor 
living in Cocoa Beach, on Florida’s central east 
coast. RCA Service Company and International 
Division assignments include ideal locations in the 
United States, and wherever RCA electronic 
equipments are installed and serviced throughout 
the world. 


Individual Recognition — 

RCA organizes engineering activities into groups 
small enough to allow broadest scope for your indi- 
vidual accomplishment. The average group has 
just 11 engineers. Yet, in all activities, you are 
supported by the entire facilities and engineering 
resources of RCA. 


Salaries — 

RCA engineering salaries average measurably 
higher than other companies’ in the field. Inter- 
mediate engineers, $5000-$8500; senior engineers, 
$8500-$15,000; staff and supervisory salaries open. 


Advancement— 

Scheduled, objective appraisal of your work speeds 
promotion. Professional and financial progress is 
just as sure as your achievements make it. 


Professional Status — 

RCA bases world leadership in electronics on the 
abilities of exceptional men at every organizational 
level. Many have notable engineering and scien- 
tific reputations. You work in day-by-day associa- 
tion with men of this caliber. 


Benefits — 

There’s a complete program at RCA. A very liberal 
Tuition Refund Plan. Company-paid life, sickness 
and accident, hospital-surgical insurance for you 
and your family. Modern retirement plan. Reloca- 
tion expenses paid. Suggestion and patent awards. 


JJ 





No, Pinpoint Your Future 


.--Here are the Opportunities! 
.--Here are the Locations! 





Ceramics 


FIELDS OF ENGINEERING ACTIVITY [4] fisttcst | Mechanical | physic cae ection 
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® DESIGN « DEVELOPMENT 
MISSILE WEAPONS SYSTEMS—Plonning ond Design—Rodor—Fire 


AVIATION ELECTRONICS — Rador— Computers—Servo Mechonisms 
—Shock and Control—Heat Tronsfer— 
— Automation — 


xOE|XOE aE 


COMPUTER S— Syst Ady d Development— Circuitry — Assembly 
Design — Mechanisms — Progromming — Digital Dota Hondling Devices 


KINESCOPES (BAW and Color), OSCILLOSCOPES— Electron 
Optice— 
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RECEIVING TUBES— Tube Design— Test ond Application Engineering— 
Se eee lopment— Methods ond Process Engineering 





GAS, AND TUBES— Photosensitive Devices— Gloss 
to Metal and VHF— Power 


COMMUNICATIONS — Specialized Systems — Microwave — Mobile 
Studies— Acoustics — Transducers 


BROADCAST AND TVY—Monochrome and Color Studio Equipment— 
Power Transmitters 


© MACHINE DESIGN © 


Mechanical and Electrical— Automatic or Semi-Automatic Mochines - 
Locations: C—Camden, 4). P—Cocoa Beach, Fis. ¥—Harrison, W.J. 1—Clark, NJ. (periodic foreign assignments), L—Lancaster, Pa. M— 


Moorestown, NJ. WM — New York, N.Y. 8 —~ RCA Service Co. (Cherry Hill, NJ.; Alexandria, Va.; Tucson, Ariz.; Sen Diego, Sacramento, 
San Francisco, Calif., Foreign Assignments). ¥—Somerville, NJ. W—Waltham, Mass. R—West Los Angeles, Calif. Y—Marion, ind. 


Mr. John R. Weld, Employment M 


Please send resume of education and experience, with location preferred, to Dept. A-148, Radio Corporation of America 
30 Recketeller Plaza, New York 20, N.Y. 


RADIO CORPORATION of AMERICA 


® Copyright 1956 Radio Corporation of America 
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Cable splices made faster, last longer in toughest "proving ground” here in The Bessemer 
Limestone and Cement Company's quarrying operation. Note the rough surfaces over which 
the cable is dragged. Under conditions that vary from extreme dryness to complete submer- 
sion, Bessemer reports exceptional results from the rugged splices made with Okonite Tapes. 


Okonite Tapes reduce down-time 


for Bessemer shovels 


The Bessemer Limestone and Cement Company has Each splice is designed to give maximum electrical 


reduced down-time on its electric shovels two ways by 
using Okonite Tapes in splicing its high voltage port- 
able Kirst, 
can be made in the field without taking the cable to 


hovel cables. tough, waterproof splices 


the shop and without buying any special molds and 
other equipment. Second, splices made with Okonite 
have been in ince 1948 without added 


‘Tape service 


time-lo in remaking. 
Cable 


lie completely submerged in water, and are constantly 


and splices are dragged over rocks, frequently 
exposed to sun, rain, snow and ice. Yet Okonite splices 
have maintained their waterproof toughness for seven 
this treatment. No 
standardized on Okonite Tapes 


vears of wonder Bessemer has 


and mechanical protection for operation at 4160 volts. 
Okolite Corona-Resisting Tape fuses into a solid wall 
of self-vuleanizing high voltage insulation. Over the 
shielding tape applied about the three-conductor core, 
a solid wall of Okoprene Weather-Resistant Tape gives 
full neoprene protection to the splice. This combina- 
tion of Okolite and Okoprene Tapes provides the 
toughness and complete moisture resistance necessary 
for continued service under such severe operating 
conditions. 

Specify Okonite tapes for the tougher jobs. Get them 
from your Okonite Tape Distributor, or write to The 
Okonite Company, EG Tape Department, 
New Jersey. 


-assaic, 


Available Through Authorized Distributors Only. 
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VICTOR NO. 900 
(EEI-NEMA TDJ-52-3) 
15,000 Ib. SUSPENSION 
INSULATOR 


Men who purchase insulators are enthusiastic about the service records of VICTOR Suspen- 
sions. That’s because VICTOR Suspensions are laboratory designed, manufactured under 
rigid quality controls and tested with the industry’s most modern equipment. 

Take the No. 900 Insulator shown above, for example. It has rugged, rounded corrugations 
for maximum strength and resistance to impact. Cap and ball bolt are thick, husky and 
galvanized to withstand severe service. Scientifically fitted glaze gives added strength and 
added protection against contamination. 

Each insulator is proof-tested mechan- 


ically, then subjected to vigorous high fre- 


quency and 60-cycle flashover tests. When 

you buy VICTOR, you just can’t buy Ne 

better suspensions! UW Sas ee. eh ee 
VICTOR CATALOG 


Now ready for distribution is Victor's newest 

and most extensive catalog. One of the most 

{ complete in the field, it includes illustrations 

VICTOR ‘ and data on many items being produced at 
VICTOR and not previously shown, up-to-date 

INSULATORS ; EEI-NEMA Standards, and an outline of 
VICTOR’S new plant, research, testing and 


DIVISION maniimatasine facilities. It’s FREE! Write 


I-T-E& CIRCUIT BREAKER CO., INC. for your copy. 


VICTOR, N.Y. 
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OR PRODUCTION TESTING 


AUTOMATIC TRANSFER 
SWITCH 


gives you 
FREED 
CAPACITY | inbUerancewnoes 


Accurate inductance measurement with or 
without superimposed D.C., for all types 
of iron core components. 


] 
@ INDUCTANCE — 1 Millihenry to 1000 Henry | 


@ FREQUENCY — 20 to 10,000 Cycles 

@ ACCURACY — 1% to 1000 Cycle, 2% to 10KC | 

@ CONDUCTANCE — 1 Micromho te 1 MHO } 

© “Q" — 0.5 to 100 ] 
@ SUPERIMPOSED D.C. — Up to 1 Ampere | 
@ DIRECT READING — For use by unskilled | 


operators. ° 


ACCESSORIES AVAILABLE; 
1140-A Null Detector 
1210-A Null Detector - V.T.V.M, 
1170 D.C. Supply and 1180 A.C. Supply. 


FREED 


VARIABLE TEST VOLTAGE 
MEGOHMMETER NO. 1620 





Full range to 50,000 amp. interruption capacities, 
600 V. 800 A. loads. 


Complete failure two-wire or three-wire protection, 
or full relay 3 phase, 3 wire protection with trans- 
fer when any or all legs drop below 90%. 


About one half the size of similar equipment, suit- 
able for switchboard, deadfront panel mounting, 
i closures. 
or separately in NEMA-Type The Freed Type 1620 Megohmmeter is a ver- 
sotile insulation resistance measurement instru- 
ment with a continuously variable DC test 

potential from 50 to 1000 volts. 


Trans-O-Matic employs two standard circuit breakers; one 


Components such as transformers, motors, 


printed circuits, cables and insulation material 
from the normal and one from the emergency source. ean eb fosted of tale coed eolhegs ent chow, 


for safety factor 


@ Resi —- 0.1 megohms to 4,000,000 
megohms. 

@ Voltage — voriabie, 50 - 1000 volts. 

@ Accurate — plus or minus 5% on all ranges. 

, i re . @ Simple — for use by unskilled operators, 

OPTIONAL . . . adjustable time delay ... engine starting @ Sote — high voltoge relay controlled. 


contact . . . test pushbutton . . . pilot lights for ||_© Self contained — AC operated. 


switch position ... special enclosures. OTHER MEGOHMMETERS AVAILABLE 
Type 1620C MEGOHMMETER — o type 1620 


with additional circuitry for testing capacitors. 
Type 10208 MEGOHMMETER o 500 volt 
fixed test potential. Range | megohm to 2 
million megohms 


LAKE SH Ee e Type 2030 PORTABLE MEGOHMMETER — 
nC corroration 





Either will carry the load. Mechanical linkage with super- 





visory relays are of double source control design. 














bottery operated 500 volt test potential. Ronge 
1 megohm to 10 million megohms. 


2 00 WILLI s AVE he U E Send for NEW 48 poss transformer catalog. 
et 


Also ask for comp 


BEDFORD, OHIO ment catalog. 
FREED TRANSFORMER CO., INC. 


1718 WEIRFIELD ST., BROOKLYN (RIDGEWOOD) 27, N.Y.. 


e laboratory test instru- 
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SIZE 0 SIZE 1 SIZE 2 — 4 


CLARK Type CY Starters now available in sizes 


With the addition of the new size 4, the famous 
CLARK line of Type“CY” Magnetic Motor Starters 
now comprises the full range from 0 to 4. This 
means that Clark starters of the proven “CY” design 
incorporating vertical lift magnets are now avail- 
able for more than 95% of industry’s AC require- 
ments. For installations requiring sizes 5 and larger, 
Clark will continue to supply dependable clapper- 
type starters. 


Clark Type “CY” starters have many outstanding 
design features for more dependable operation, less 
maintenance and longer life. For example—rugged 
construction with twin-break contacts means more 
: , Revolutionary arc-quenching »is ane sive 
trouble-free service ... contacts can be inspected Revolutonary are-quenching principle is an exclusive 
: ; feature of all Clark Type “CY” starters sizes 2 and larger 
without tools ... movable and stationary contacts [It combines twin-break contacts with strong multi-turn 
can be removed and replaced quickly, coils changed magnetic blowouts which force the are to rotate—alter 
and the entire magnet assembly removed—all from "*‘e!y lengthened and confined—so that it moves 
tl f t ith tal i th continuously from a hot to a cold spot ou the contact 
1€ ron —without specia tools and without surfaces. This practically eliminates metal build-up or 
removing the starter from the cabinet or panel. pitting and greatly increases contact life. 


For complete information contact your nearest Clark sales 
office or write us direct. 


Everything Under Control 1146 East 152nd Street ae 10, Ohio 


IN CANADA: CANADIAN CONTROLLERS, LIMITED © MAIN OFFICES AND PLANT, TORONTO 
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Hughes has been 
the leader from the 


Product 
Design at 
HUGHES 
WEAPON 


SYSTEMS 


beginning in 

applying electronic 
computers to 
airborne fire control 
equipment, Today 
every U.S. Air Force 
and Canadian 
continental defense 
interceptor uses 
Hughes-developed and 
Hughes-manufactured 
systems, 


As the intercept problem becomes more and more 
automatic, additional equipment such as new-type 
computers, control surface tie-in (CSTI), autopilots, 
and other units must be integrated into the system. 
Faster speed and heavier engines dictate more stream- 
lining—and hence less space for electronic gear. The 
result is even more miniaturization and compact 
packaging, evolved from special techniques. 

his all means that now the product design engineer 
is more important than ever before. In the Product 
Design Laboratory he is a vital part of the formal 
link between the Research and Development activity 
and the optimum configuration and installation ar- 
rangements for the systems “black boxes.” 


— cae 
! Hi U G H E gS Scientific Staff Relations 
{ 


RESEARCH AND DEVELOPMENT LABORATORIES 


HUGHES AIRCRAFT COMPANY 


Culver City, Los Angeles County, California 
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¢ Hughes 


DEVELOPMENT 
LABORATORIES 





These positions in the Product 
Design Laboratory are open now 
in the Weapon Systems 


Development Laboratories: 


IN THE GUIDED MISSILE AREA 


ENGINEERS 


to work on design and construction 
of microwave components. 


ENGINEERS 

to engage in the design and fabrication 
of airborne telemetering 

equipment for guided missiles. 


ENGINEERS 


to participate in development, design 
and prototype construction 

of electrical and electrohydraulic 
power supplies. 


IN THE RADAR FIRE CONTROL AREA 


ENGINEERS 


to do equipment development and 
circuit design on special military field 
test equipment for support of fire 
control radar, fighter identification, 
and armament auxiliary equipment. 


ENGINEERS 


for circuit and equipment development 
in the field of airborne 
communication and navigation circuits, 


ENGINEERS 


experienced in computer or related 
fields to develop military field 
tests and auxiliary equipment for 
support of airborne computers. 


You are invited to send resumes 
of your education and experience 
to the address at left. 
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ANNOUNCING THE 104 MEMO-SCOPE 


wemo.scort 104 


The MEMO-SCOPE Model 104 is a 
new memory oscilloscope with a 
selection of 5 plug-in preamplifiers 
that will satisfy the most critical 
production, test and laboratory 
requirements. MEMO-SCOPE incorpor- 
ates the famous Hughes-developed 
Memotron direct-display storage 
tube that captures and retains any 
number of traces indefinitely 

at a constant intensity until 
intentionally erased. Traces are 
readily visible in a brightly-lighted 
room, and may be easily 
photographed for file records. 


MEMO-SCOPE 104 SPECIFICATIONS 


r triggered by front panel push button 


OPTIONAL 
PLUG-IN PREAMPLIFIERS 
INCREASE FLEXIBILITY 


(All units with frequency response from 
OC to 250 kilocycles down 3db 


For additional information or demonstration of the new Model 104 
write t HUGHES PRODUCTS 
ELECTRON TUBES 
International Airport Station 


Los Angeles 45, California 


oO: JGHES AIRCHAFT 


FEBRUARY 1957 Please mention ELECTRICAL ENGINEERING when 





“Heating in our switch 
was causing ‘lights-out’ shutdowns 
until we changed to cooler 
operating Fusetron Fuses” 


Thomas Lavin, Building Engineer 


Railway Exchange Building 


Denver, Colorado 


2 


J ? WHlr. Lavin Continues: 


(% 


\ SS /\ . 
ey / “We had considerable trouble with heat de- 


\ 


veloping in a lighting switch and causing fuse 
blows. It was very annoying having the lights go out 
so often--and having regular maintenance work in- 
terrupted to replace fuses. 


“Checking with an ammeter we found the con- 
tinued load to be 28 ampere. This indicated that 30 
ampere fuses in use were the right size for safe pro- 
tection. Nevertheless, the renewable fuses we had 
installed kept blowing. 


“Evidently, what we needed were the same size 
fuses that would operate cooler to eliminate heating 
in the switch. 


“At the suggestion of a salesman we tried 
ampere Fusetron dual-element fuses. Our heating 
problem immediately disappeared. This was 7 or 8 
months ago and we have had no trouble with the 
switch overheating——-and our—'‘lights-out’ shutdowns 
are a thing of the past.” 


1 ELECTRICAL ENGINEERING u 








Here’s why Fusetron Fuses protect 





against needless blows caused by excessive 
heating of panels and switches 


Fuses, like other protective devices 
operate trom heat created by the 
current flowing through them. Thus 
they produce some heat even in 
normal operation 


Sometimes the heat is not dis- 
sipated from switches and panels fast 
enough. This piled up heat over-heats 
fuses and reduces their carrying ca 
pacity. Then fuses often blow even 
though not loaded to their rated 
capacity. 


A logical answer to this heating 
nar is the use of Fusetron fuses 
fusetron fuses produce less heat 


- 


HARRY L. DAVIN 
Buss Fuseman 
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because they have less electrical re- 
sistance than ordinary fuses. For 
example, ordinary fuses have 55 to 
117% greater resistance than Fuse 
tron fuses in 250 volt sizes and up to 
140% greater resistance for 600 volt 
sizes 


Since the lower resistance of Fuse- 
tron dual-element fuses means less 
generation of heat, switches and 
panels operate much cooler. This 
materially reduces or wipes out en- 
tirely useless shutdowns caused by 
fuses blowing due to overheating of 
panels and switches. 




















































THOMAS LAVIN 


Building Engineer 
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Save time, trouble and 
money by using Fusetron 
dual-element Fuses. 


THEY PROVIDE 
10 POINT PROTECTION 


1 High interrupting capacity pro- 
tect against heaviest short circuits 
Have proven on tests to open safely 
on circuits set to deliver in excess of 
100,000 amperes. 2 Protect against 
needless blows caused by excessive 
heating —lesser resistance results in 
cooler operation. 3 Protect against 
neediess blows caused by harmless 
overloads. 4 Provide thermal pro 
tection—for ponels and switches 
against damage from heating due 
fo poor contact 5 Protect against 
waste of space and money permit 


use of proper size witches and 


panels 6 Protect motors against 
burnout from overloads. 7 Give 
DOUBLE burnout protection to large 
motors—without extra cost. 8 Pro 




















fect motors against burnout due to 
single phasing. 9 Make protection of 
small motors simple and inexpensive 
10 Protect « yils, transformers and 
solenoids against burnout 


Write for bulletin FIS 


FOR LOADS ABOVE 600 AND UP 
TO 5000 AMPS. — USE 
BUSS Hi-Cap FUSES! 

They have an interrupting 
capacity sufficient to handle 
any fault current regardless 


of system growth 





They can be coordinated 
with Fusetron fuses on feeder 
and branch circuits to limit 
fault outages to circuit 
of origin 

Write for bulletin HCS. 


Play Safe! install FUSETRON duol- 
element Fuses and BUSS Hi-Cop Fuses 
throughout entire Electrical System! 


BUSSMANN MFG. CO. wastage 
(Div. of McGraw Electric Co.)  Abdedabbieaald 
University at Jefferson, ee ae 

St. Lovis 7, Mo 


yy 




























To improve conductor efficiency... insure 


dependability... simplify installation 


Photographs show Public Service instal 
lation of J-M ‘Transite Korpucr,... 
especially designed for encasement 

in concrete with tough, durable, 
low-cost J-M Plastic 

Spacers (above), 














Public Service of New Jersey 
chooses Transite asbestos-cement Ducts 


Economi al Transite Ducts are part of Public Service cause it is made of asbestos and cement. 
Electric and Gas Company of New Jersey’s plan for ‘Transite is easy to install . . . light, 10-foot lengths 
top operational efficiency at the new Linden Gen- require fewer joints . . . direction changes are easy 
erating Station. With Transite Ducts on power with the wide variety of Standard Transite fittings. 
circuits, current-carrying capacities are higher .. . And the unusually smooth bore permits easy cable 
copper losses lower . because Transite dissipates pull-through and prevents injury to cable sheath. 
heat faster than organic ducts. . . . 

Johns-Manville Transite Ducts protect control For complete information on Transite Ducts, write 
circuits permanently. Transite will never rot, rust or to Johns-Manville, Box 14, New York 16, N. Y. In 
corrode, is incombustible and non-inductive, be- Canada, Port Credit, Ontario. 


Johns-Manville TRANSITE’ DUCTS 


JM CONDUIT for exposed work and insetaiiation KOROUCT® for installation in concrete 
by ae PR underground without concrete encasement 
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Choose the Right Resin Final properties Are All-important 


For polyethylene Wire Coating Deformation undet load, stress cracking, low- 
temperature prittieness and spark failure must 
Now that polyethylene is beine widely accepted be kept t° a minimum in an acceptable wire 
as an insulating’ material for wire and cable, and cable insulation Any resi used, no mattet 
insulated wire manufacturers and plastics pro- what its pro essing characteristics, must pass 
ducers are working closely together to.provide these tests 
the best insulation at the lowest possible cost. 
Aithou h the only true test of @ given poly- R 
oer resin . qa test run followed by 4 Why We Recommend PETROTHENE 
thorough evaluation of the finished wit® there Because We make it of course But more than 
are certain prince iples that can be used before- that pETROTHENE does 4 good job for wire 
hand as guides Fot example: and cable extruders because oUF manufacturing 
process does achieve the high consistency proc: 
oD Variations Cost Money essors are looking for Shipment to shipment, 
bag-to bag, and cube-to cube yariations are 
Excess - Wm — ; held to 4 minimum This high consistency 
RESIN ssaaall enables insulated wire manufacturers to opet- 
wiRE —f J Ss | ate at highest rates with minimum OD variation 
a when using PET ROTHENE electri al grade 
i polyethylene resins 


pETROTHENE resin properties also measure 
Excess -—« ‘ion - _ a 
RESIN Feo! Min 0.0 


WIRE —{ | 5 rs ; A SUES 3 | ] load stress crack resistance low temperature 


mn up to end-use standards fot deformatio® undet 





| prittieness and spark failure 


Minimum Outside Diameter ‘5 ysually specified by Three Basic Resins Are Available 


the wire customer Bul @ variation I" OD above this 

minimum yses extra quantities of polyethylene resin pETROTHENE 300, M I 0.3 PETRO 
~— and cuts into extruder profits These yariations THENE 301, M.1 1.0; pETROTHENE 502 
can be reduced by ysing resins with consistant flow M11 2.8. Each available with carbon black, 
characteristics as shown in the lowet sketch. color, jZ¥ antioxidant and/or non discoloning 


antioxidant, compounded to your spe" ifications. 
Higher production Rate 


U.S.1. i 
Means Higher Profit S.1. Services 


Literature and samples of pETROTHENE 


The faster 4 machine can be operated, the more electri al grade polyethylene resins are avail 


money 't ‘ an make Zut highet rates require able at your request US! Technical Service 
tightet controls especially tighter control of representative® are also ready to help you with 
resin properties A resin variation that might individual processing problem 
still give satisfactory product at moderate 

production rates may not be acceptable when 

the extruding rate 1% pushed to its limit Again, 


consistens y of resin propertie® 1S ot extreme USTRIAL CHEMICALS co. 


importance Division of National Distillers 
Products Corporation 
99 Park Avenue, New York 16, N.Y. 


Branches in principal cities 
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CONTROL CENTER for complex electronic circuits 


Many of today’s most complex electronic systems—the type used in 
nuclear reactor control, for example—only work effectively when power 
is extremely pure, when on-off circuits are accurate and hair-triggered, 
and when there is capacity to measure the nearly unmeasurable. 


This calls for control centers built around advanced-design com- 
ponents from Curtiss-Wright’s Electronics Division, such as (left to 
right above): the Distortion Eliminating Voltage Regulator, which 
purifies power at the source . . . the “Snapper” Thermal Time Delay 
Relay that tells important voltages when and when not to flow... the 
Dynamic Capacitor Electrometer, which can measure currents as slight 
as those that pass from one of your fingers to the other. 

In electronics, as in aviation and other advanced engineering and 


scientific fields, Curtiss-Wright is finding new and better ways to get 
important jobs done. 


ELECTRONICS DIVISION 


Electronic Equipment by CURTISS-WRIGHTS 


CORPORATION ° CARLSTADT, N. J. 


Divisions and Wholly Owned Subsidiaries of Curtiss-Wright Corporation: 
Watear Arnonauricat, Division, Wood-Ridge, N. J. ¢ Paoretcen Division, Caldwell, N. J. ¢ Prastics Division, Quehanna, Pa. « Exectraonics Division, Carlstadt, N. J. 
Meracs Paocessine Division, Buffalo, N.Y. © Srectantims Division, Wood-Ridge, N. J. ¢ Urica-Beno Conronation, Utica, Mich. ¢ Exrowr Division, New York, N Y¥ 
Carowens, Warcet Division, Caldwell, N. J. © Anornysics Devecorment Conronarion, Santa Barbara, Calif, « Ressaaca Division, Clifton, N. J. « Quehanna, Pa. 
Inpusratan ANo Sciewrirtc Paoovcrs Division, Caldwell, N. J. « Cunriss-Wacnt Eunora, N. V., Amsterdam, The Netherlands ¢ Tunsomoton Division, Princeton, N. J. 
Manouerre Merat Proovcrs Division, Cleveland, Ohio « Cuntiss-Waicut or Canava Lro., Montreal, Canada « Prorursion Reseancu Conronation, Santa Monica, Calif. 
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New Products 


assembl \ coppel 

casing protects all part 

tion and moisture to 

operation. Application 

ommended in aircraté controls and 
missile \ ide range of possibilities 
exists in heaters, electron 
components ervomechanism 


acrial cameras, gun mount 


Sonic Gas Analyzer. This analyzer employ 


ing the velocity of sound and _ oflering 


exceptional range, sensitivity, and rapid 
ity of analysis, has been released by the 
National Instrument Laboratories Ive 
6108 Rhode Island Ave Riverdale Ma 
The monitoring of gas mixtures by con 
tinuous or batch control, the detection 
of minute imounts of harmtul gases 

pollution on personnel ifety prob 
vapor and gas chromatography, and 

study ot IOLope concentration tt certain 
gas ive a few of the sonic gas analyzer 
many applications, Developed by Merck 


{ 


Co. and ! 


tested in a variety of industrial 
nad physiolo ical applications 
alyzer exploits the ide difference 
elocit by achieving sucl mea 

tivitie is 0.005 per cent of ox 

ind 0.00061 per cent ot hydroven 
single chassis construction 
unit permits its installation in industrial 
plants where other apparatus is too deli 
cate or too insensitive. No prolonged ma 
nipulation or procedures stand in_ the 
way of rapid calibrations or of reading the 
inherently instantaneou response The 
easy operation of the instrument will ap 
peal especially to the cost-conscious engi 


neer and busy laboratory technician 


Switch for Calculators. A slim pushbutton 


switch for computers, calculators md 


similar electrical and electronic d 


cvices 
using whole banks of adding machine type 
key switches has been announced by Heth 
erington, Inc., 1200 Elmwood Ave., Sharon 
Hill, Pa. Known as Type B5023, the new 
momentary-contact switch has a smooth 
yet precise, nonsnap action that closely 
approaches the speed of operation and 
convenience of mechanical type pushbut 
tons long used on calculating machine 
The switch responds to an operating pres 
sure of only one-half pound and has a 
total button travel of one-fourth ine 
Contact arrangement is two-circuit, break 
betore-make The entire witch mechan 
ism is housed in a dust- and moisture 
resistant anodized aluminum case. Com 
plete specifications on the B5023 switch 
are available on request to the manufac 


ture! 


Copper Clads, Photosensitized copper clad 


sheets are available to manufacturers and 
laboratories as announced by Keil Engi 
neering Products, 4356 Duncan Ave., St 
Louis 10, Mo. With these sheets any 


Continued on page 59A) 





wm lications... 


ORES 


SPIRALLY WRAPPED 


‘mb Agalecr-leler-ig-isale lili ileiger-i1 


Centricores having WEN tek @) ac 


TaMaal-3¢-lillomela 
olal-talelite 
<ahet:t-claal sane) 


CENTRICORES are processed from thinner gauge materials including 
Hymu, Squaremu “79”, Squaremu ‘‘49’’, Microsil and ‘49”’ Alloy for 
magnetic amplifier and special transformer applications. New sizes are 
being constantly added to standard sizes available from stock for 
prompt delivery. Write for Bulletin C-1 covering magnetic properties. 
Also indicate where Magnetic Amplifier test procedure data is desired. 


\NGNETIC METALS 
MPI. =~ 


Hayes Avenue at 21st Street, Camden, N.J. 
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PLANNING 


KEEPS YOU AHEAD 
OF POWER NEEDS 


0 9 


300 KVA indoor 
unit substation or 
load center con- 
sisting of high 
voltage fused air 
break switch and 
low voltage sec- 
tion with circuit 
breakers and 
metering. 


Good planning, with the aid of Standard Transformer Company 
engineers, will help you stay ahead of your expanding power 
needs. Standard will work with you to design and build the custom 
transformers which meet your needs best, and you'll pay no more 
than you pay for repetitive models, Check with Standard now. Just 
tell us your present and anticipated needs. Your inquiries will 
receive immediate attention. 


1500 KVA, OISC, 
three-phase transform 
er, 34,400 volts WYT 
primary, 4180Y/2400 
volt secondary. 


WARREN, OHIO 
REPRESENTATIVES IN PRENCIPAL CITIES 
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elemetel 


ANY VARIABLE 








Accurate, Fast Acting, Frequency 
Type Telemeter for Transmission 
over Wire Lines, Microwave, 
and Power Line Carrier 

The Model 1025 Tele- 


meter Transmitter con 


Accurate vers bc mv from thermal 


converters, et to 10-40 


HIGH-SPEED cps which frequency mod 


ulates a built-in audio tone 


Continuous channel, AC 10 to 30 cps 


or relay outputs are also 


Telemeter available. Receiver detects 


and demodulates transmit 


for ted signal, generating a 
DC my tor operation of 


VOLTS recorders or indicating in- 
AMPS struments. Up to 45 tele- 

meters can be multiplexed, 
WATTS Any communication 


VARS link, including power line 
ETC. carrier, microwave or wire 


line may be used 
Over-all accuracy is 1% 


oo 
° . with a response speed of 1 
Built-in second. Equipment fea 
tures a built-in calibration 
Self- circuit for 10% and 90% 
receiver check, and 10 cps 


Calibrating and Nt cps transmitter 

chee 
Circuit ,<Cnverted’ into a De 
millivoltage or will oper 


ate a slidewire may be tel- 
emetered 


WE CAN HELP YOU 
Our Applications Department is 
ready to assist you in your control, 
telemetering of communications 
problem. Phone DEerfield 4-3100 


Write for Technical and Application Data. 


Kadio Frequency 
LABORATORIES, INC. 
Boonton, New Jersey, U.S.A. 
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New technique shapes future of transistors... 


LEADS TO THREE MAJOR INVENTIONS 




















t 


Calvin S. Fuller, Ph.D. in Physical Chemistry from the University of Chicago, a heating current through a strip of silicon while diffusing into its sur- 
is a pioneer in development of the diffusion technique. Here he controls face a film of aluminum less than 1/50th of a hair's breadth in thickness. 


Transistor makers have a very difficult problem. form a microscopic film which can be controlled in 
They must add a mere trace of an “impurity” to thickness to a few millionths of an inch. 
a semiconducting metal. But they must add it only 
in very thin layers, without affecting the bulk of 


the material. 


The diffusion technique opened the way to three 
major Bell Laboratories inventions in the semicon- 
ductor field: the Bell Solar Battery, Silicon Power 

Bell Laboratories scientists developed an efficient Rectifier and the Diffused Base Transistor. Right 
new way to produce such layers. They expose the now the technique is providing a key to many other 
metal to a hot gas containing the impurity. Atoms developments of great promise for telephony. It is 
bombard the surface and—through a process known another example of how Bell Labs works to improve 


as “diffusion” —foree their way into the metal to telephony through fundamental research in materials. 


BELL TELEPHONE LABORATORIES () 


YL 


ear 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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New Products 


etched circuit panel may be produc 

any quantit on the users premises 
essing chemicals and = supplies 
available or may be purchased 

Ihe sheet are vailable in any ree 

size desired up to IS inches by 

Phis method of processing produ 

cuit boards to satisly the most crit 
plications. Extremel fine circuit detail 
and exact circuit reproducibilit ob 
tainable Requirements on the part of 
the user necessitate only exposin devel 
oping and etching to a finished panel 
Large sheet sizes allow the preparation of 
more than one circuit’ panel simultane 
ously. Sample quantities for experimental 
and prototype use may be obtained in 
kit form which supplies the presensitized 
sheet, all processing chemicals, and han 
dling equipment. Full instructions for 


processing are included with all materials 


Fuseholder and Fuse. This fuseholder, in 
combination with indicating tuse, fashe 
a light, rings a bell trips a relay, or gives 
other signals, to tell when or where a tuse 
blows Ihe fuseholder and fuse can be 
used where it is desirable to have a 

ible or audible signal to indicate troubl 
on the circuit, Possible applications in 
clude many types of testing equipment 
control circuits, control panel switch 
boards, and calculating o1 computing ma 
chines. Made by Bussmann Mfg. Co., divi 
sion of McGraw Electric Co., Unive t it 
J flerson, St. Louis 7 Mo 


§-Band Cavity Oscillator, The 

cavity oscillator for either pulse 

tinuous wave operation has been designed 
and produced b \merac Incorporated 
116 Dopstield Road, Wenham, Mas I} 

is a miniaturized, grid separated, double 
coaxial line cavity oscillator, utilizing the 
GL-60442 tube. It is especially suitable fo 
aircraft uided missile and beacon appli 
cation due to it light weight incl 
chanical streneth. It has a high operating 
etherenc under severe hock and vibra 
tion condition \s a pulse cavity oscil 
lator, it has a tuning range in exce of 
200 me in the S-band region with a peak 
power output of one kilowatt in uppe 
range and two kilowatt in lower range 
operating under a duty cycle of 0.001. Its 
plate voltage is 2,000 at 4 amperes, As a 
continuous wave cavity oscillator, it has a 
tuning range in excess of 200 me in the 
S-band region with i power output of 50 
megawatts in upper range and 100 mega 


watts in lower range 


Nails for Harness Board. A line of nails 
designed specifically for harness board wit 
ing applications has been announced by 
John Hassall, In Westbury, N. Y. In 
addition to having extensive applications 
in the electric and electronic fields, these 
nails will find broad usage in the aircraft 


and guided missile industries, in wiring 
(Continued on page 60 1) 
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CD = joonmeedande . Satan Fe litien 3 aS : 
Amp-trap protects circuits in New York's new Coliseum, with its exhibition 
halls and amphitheatre, against the dgpger of heavy short- circuit or fault 
currents, regardless of varyir rements. 





FOR APPLICATION ON ENTRANCE SWITCHES, 


BUSWAYS, FEEDER SERVICES AND 
CIRCUIT BREAKERS 
ON AC CIRCUITS UP TO 600 VOLTS 
ON DC CIRCUITS UP TO 250 VOLTS 


Positive Protection against Super currents as high 
as 500,000 peak amperes available. 
Built in Ampere Ratings of 600, 800, 1000, 1200, 
1600, 2000, 2500, 3000, 4000, 5000 and 6000. 
Sharp Current Limitation Characteristics for Backup 
Protection of Air Circuit Breakers, Switches, etc. 
Easily Adaptable into Busses, Bus Ducts or Switches. 
Economical in First Cost and Replacement. 
Very Low Watt Loss — Cool Operation. 

Copyright 1957, The Chase-Shawmut Co. 


* 


‘7 . 4 7 oo / 
480-Amp-rap ® @ *unkse (1 (ht OWA 


THE CHASE-SHAWMUT co. 


373 MERRIMAC STREET + NEWBURYPORT, MASSACHUSETTS 
Subsidiary of I-T-E CIRCUIT BREAKER CO., Philadelphia, Pennsylvania 


-— ow ew ae ew ow a ew ae ee ee ee oe er ee oe a ee ee ee ee er a a om 


Sm & Che Ts Coe os) 
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New Products 


machine-tool control panels, for instru 
ment and control wiring, for switchboard 
wiring, in short, wherever multiple ci 
cuits are preassembled prior to installa 
tion within the main piece of equipment 
The nails, or posts, have a collar-ty pe stop 
five-cights inch from the pointed end to 
prevent them from being driven in too 


far Ihe collar also ac 














issuring that they vill be driven in far 
enough. The posts are driven directly into 
the board without the aid of predrilled 
holes. Tops are milled round to facilitate 
slipping wires on and off the harness 
Nails are made of corrosion-resistant cad 
inijum-plated steel. For additional into 
mation on these harness board posts, 


rite to the manutacture 


Camera, A compact, duplex microfilm 
camera that photographs both sides of a 
document simultaneously at any of three 
reduction ratios ha ben ce cloped b 
Remington Rand Division of Sperry Rand 
Corporation 115 Fourth Ave Ne York 
10, N. + Ihe unit has a 12-inch throat 
and doubles 16-mm film capacity by filin 
, up one side and down the othe 
mm principle. Readil nites 
lorse ire available tor 
reduction: ratio 
“. ‘ * Model // film 
% i Bo a aes 
M-500 Silicon: ‘ by” 
Si 
is designed to convert acto 
in radio and television receivers 


and other electronic devices. 


, RECTIFIER DIVISION 
arZiani.. naeibas of Geounands yer selat Gime than 


any other 


able. Full) operating controls, warning 


buzzer, and indicator lights assure simple 


415 N. COLLEGE AVE., BBOOMINGTON, INDIANA error-free. microfilming with no special 


operator training needed. Light intensity 





In Canada: 700 Weston Rd., Toronto 9, Tel. Rogers 2-7535 @ Export: Ad Auriema, Inc., New York City (Continued on page 62A) 
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mh ALLEN-BRADLEY 


wee _—_— TROUBLE FREE MOTOR CONTROL 


The Sign of 


QUALITY Here are the 3 most popular Allen-Bradley starters. They are QUALITY products widely 


MOTOR CONTROL 


a 


ro 
| 


bite eens Nee 


\ 

| 

| 

| 

A Kindt - Col | 
lins Master | 
profile grinder | 
equipped with | 
an A-B Bulle | 
tin 609 manu | 
al starter and | 
an A-B Bulle. | 
tin 807 drum | 
switch | 
| 

| 

| 

| 

| 


Allen - Bradley 

drum switches 

come in many Bulletin 609 
styles and rat arc hood lifted 
ings. Send for to show the 
bulletin contacts 


BULLETIN 709 AUTOMATIC ACROSS-THE-LINE STARTERS UP TO 300 HP, 220 V; 600 HP, 440-550 VOLTS 


Dykrex Model M die Bulletin 709 


finishing machine starters availa 


with Bulletin 709 , a: ble in 8 sizes 
— | ‘ 
Allen-Bradley auto ’ Sizes 0, |, and 


matic solenoid starter 2 shown below 


Quality appearance and reputation 
for reliability make Bulletin 709 


starters an asset to any machine 


r 


bu | 


Noble & West 
brook Roll-O 
Mark marking 
machine 
equipped with 
A-8 Bulletin 712 
combination 
starter. Makes oa 
neot & compact 


installation 
‘oi 


The Bulletin 712 starter com 


bines a visible contact discor 


nect and a Bulletin 709 starter 





BULLETIN 609 MANUAL ACROSS-THE-LINE STARTERS UP TO 5 HP, 220 V; 7¥% HP, 440-550 VOLTS | 


associated with QUALITY machines. Machine tool builders and buyers appreciate the trou- 
ble free operation of A-B motor controls. Send for your copy of the A-B Handy Catalog 


5 


cao | 


These Bulletin 609 manual starters 
are popularly used on motorized 
machines where no safety hazard 
to workmen is created if the ma- 
chines should stort unexpectedly, 
after a power interruption 

The quick-moake, quick-break 
switch has double break, silver al 
loy contacts which require no 
maintenance 

Two thermal breakers give de 
pendable overload protection, no 
matter how long in service. They are 


reset by pressing the RESET button 
, 
| 


Bulletin 709 solenoid starters pro 
vide the safety feature of no-volt 
age protectior if the motor is 
stopped, due to power line inter 
ruption, it cannot restart until the 
operator presses the Start button 
All Bulletin 709 starters have + 
ver alloy, double break contacts that 
need no filing, cleaning, or dress 
ing. They are good for millions 
trouble free operations 
Two overload relays protect the 


motor against burnouts 


BULLETIN 712-713 COMBINATION AUTOMATIC STARTERS UP TO 100 HP, 220 V; 200 HP, 440-550 VOLTS 


Bulletin 
combine one 

nstantaneous ¢ 
Bulletin 709 starter 

Thermal overload relays are stand 
ard equipment on all Bulletin 712 
713 combination starters 

Bulletin 712-713 starters provide 
the additional protection that the 
cabinet cannot be opened wuniess 
the disconnect lever s OFF the 


srter is then “dead 





Allen-Bradiey Co., 1301 S. First St., Milwaukee 4, Wis In Canada 
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Allen Bradley Canada ltd Galt. Ont 
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Improved Disuial 


is aclyustalble ia a single colorstat control 


ELECTRICAL for proper recording of various types and 


colors ot document Film capacit 0 


and feet of lO-mm film, which can be loaded 


mn daylight. Automatic feeding equipment 


MECHANICAL ind document stacker is available tor use 


ith the Model //. Further information 


PROPER ¥ ies ‘ obtained trom an Remington 


Rand sak ollice located in all principal 


citi orb riting to the compan 


— make the difference! 


Miniature Phempstat. I hie miniature 


oe bempswitch latest addition to the com 
plete line of Scaico automatic temperature 

control is , ton OD b Il inch long, 

Also available ts a comprehensive line of 

ite he itt ious mounting I hie 

Pempswitch has been found usetul im pre 


cision fetiperature control in cathode 

tube and in other application Avail 
means... able in plain, flanged, or screwed head 
mountin thre fempswitch come in 


BETTER PERFORMANCE jf: (25 c.soulet ope on 


truction, kor turther information contact 


LOWER MAINTENANCE sc Cons Paya. 


Motor and Generator Brushes Data Recorder and Gauge Tank Unit 
Morganite brushe: enjoy a Fester. A Model 7R-/ //4 magnetic tape 





recordet reproduces designed pecifically 


reputation world-wide for . 
for recording and reproducin data from 


trouble-free service Available for telemetering channels has been announced 
fractional horsepower, aircraft, by Telectro Industries Corp., 35-18 37th 


automotive, traction and St.. Long Island City I, N. Y. Model TR 











industrial applications O14 a rack-mounted I4-channel 3 
speed init Phe wnit can be upplied to 


Carbon Brush Holders record data from as many as 28 channels 
Assure high efficiency brush van 


cle vcloped ly the sare compan I 
operation by mamtaining positive the MD-? tester which combines a servo 
contact between the brush operated seltbalancing 3S-terminal capac 
and the commutator or tance bridge and an extremel accurate 


ring. Standard types ine lude megohm meter. The capacitance bridge is 
cantilever radial, radial designed spcifiecally to measure capaci 
an adn adial, 

‘ , | tance to values of 5.000 micromicrotarads 
railing, reaction anc 


AC slip ring holder: 


mul itt three rahive i micircmcnts as 
as OL pol Vocurac is better than 


Electrical Contacts 05 per cent of tull scale and measure 


Including drum controller ments are read directly through the use 
cont tor nd starter ota maim and vernier dial. Additional data 
CoTacait mrs All Ste ‘ 


be obtained bh riting to the com 





Incorporat metals ina 

refractory carbon 

base for improved electrical conductivity 
and mechanical strength. Contacts are Flashlight Battery. An all new construc 
sé If lubricating non-we Iding. tion veneral purpose flashlight battery 


as been announced by Bright Star Indu 


Carbon Current Collectors 
Reduce operating costs on travelling cranes 


batter designated a No 
is nationally distributed 


Cost less. wear longer and reduce conductor 10M Leakb 


‘oO 











oof, has a steel-rein 


wear to a minimum Will not forced double top ind bottom hich in 
blister or rough conductor, afford ures against leakage. In addition, there 
trouble-free service over extremely Complete Catalogs is the use of double polyethylene plastic 
long periods . Available call or film barrier for side insulation hich 

‘ write today. Recom prevent 


“- mendations on spe 
@ cific applications age. Lhe No. JOM Leakproof is electrolyte 


supplied promptly on re tant and 1 fully insulated agatnost 
request 


power dissipation as ell as leak 


hort ciucautin Other teatures are extra 


trong fibrous kralt retaining ill mc oa 


INCORPORATED ..- FOR OVER HALF A CENTURY bra cap tor a ured conductivit Sample 


. . ind detailed ilormation to nterested 
<Q I~ 3308 48th Avenue, Long Island City 1, New York seit . peter ile “ed peoare ; 


wri w B hy Star Industries, 600 Gett 
Manutacturers of Fine Carbon Graphite Products including Carbon Specialties, Motor “ i ra sap og glace pomniatinn 
and Generator Brushes, Carbon Piles, Current Collectors and Electrical Contacts ™ itton, N. J 


Distributors of 99.7% Pure Al,O, Tubes and Crucibles ntinued on page 66A) 
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ARMCO TRAN-COR A-6 GIVES YOU 


this unusual 


If you need an electrical steel with high 
permeability at low and moderate induc 
ticns, good punching quality and reason 
ably uniform properties in all directions, 
Armco TRAN-COR A-6 may be the answer to 
your problem. 

Properties of TRaN-Cor A-6 offer 
many unique design advantages for ap- 
plications such as audio transformers, 


high-impedance devices and high-fre- 
quency generators (400-1200 cycles). 


High Permeability 


What. you can do with this material 


ARMCO STEEL CORPORATION 


1306 CURTIS STREET, MIDDLETOWN, OHIO 


SHEFFIELD STEEL DIVISION * ARMCO ORAINAGE & METAL 


FEBRUARY 1957 


combination: 


is clearly indicated by its high perme- 
ability. Here are a few typical values: 





Induction Permeability 
(gausses) (gausses /oersted) 


100 2300 
1000 6000 
4000 12000 


(Volume electrical resistivity 
56 microhm-cm) 
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These properties, along with minimum 


PRODUCTS, INC. « THE 


vriting 


PERMEABILITY 


PUNCHABILITY 


UNIFORM 
DIRECTIONAL 
PROPERTIES 











directional variation, make TRAN-Cor 
A-6 especially useful in the design of 
servo-mechanisms and similar units. 


Punchability 


And because of its punching quality 
and ductility, you can utilize the out 
standing magnetic properties of this 
grade even in complicated laminations 

Armco TRAN-Cor A-6 is available in 
welded coils or cut lengths, in 26 and 
29 gage 

Write for complete data on this 
special Armco Electrical Steel that fills 


a specific need in electrical design, 


pRMCO 


\/° 
ARMCO INTERNATIONAL CORPORATION 


fo adit 





another example of exciting work at los alamos... 


PREPARATION OF Rola SOURCES 


Since 1944 the Los Alamos Scientific Laboratory has pioneered in the 
study of the effects of intense radiation on chemical, biological and 
radiographic systems. Among energy sources for such experimentation 
are extremely small, high-intensity gamma ray emitters containing 
radioactive lanthanum-140. Known as RaLa, these sources range up to 
10,000 curies (370 million million disintegrations per second, equivalent 
to several times the known amount of the world’s extracted radium). 


Obviously, preparation of RaLa sources is done entirely with remote- 
handling equipment largely controlled with pushbuttons and actuated 
through servo-mechanisms. Design and much of the fabrication of the 
handling apparatus are also Los Alamos accomplishments and the 
Laboratory facility is one of the most highly developed in the United States, 


Scientists and engineers interested in these or other projects at 
Los Alamos Scientific Laboratory are invited to write to: 


Director of Scientific Personnel 
Division 1714 


alamos 


scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEXICO 





Operator at the control console of the 
RaLa processing laboratory. The appara- 
tus shown at the right is seen through 
the periscope. 
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This drawing shows the remotely con- 
trolled equipment for chemical separa- 
tion, filtering, drying, pelleting, and 
jacketing of RaLa sources. Up to 
100,000 curies can be handled. 
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The apparatus to the left is used for precise 
alignment of the filtering assembly used in hot 
cells for RaLa processing. When in actual use 
it is operated by remote control 


Los Alamos Scientific Laboratory is @ 
non-civil service operation of the 
University of Calitornia for the U 


Atomic Energy Commissior 








PT 


Actual Size CF.500 


Wi yc: 


FINGER STOCK 


... for sliding contacts and 
electrical weather stripping 


ik 


viii 


: 
: 


TTT Tt 
TELL 


Actual Size CF.600 


E imac preformed finger stock is the 
inexpensive, efficient answer to many circuit 


and equipment design problems 


Used for efficient electrical contact in 
high-frequency tuning devices, in coaxial tube 
sockets, for electronic weather stripping 
around access doors in equipment, and for 
dozens of other purposes, resilient silver- 


plated EIMAC finger-stock is outstanding. 


EIMAC finger stock is accurately heat-treated 
to maintain uniform mechanical properties, 
can be fitted around a 12-inch radius, and may 
be fastened by screws, rivets, clamps 

or soft soldering. 


A size for every need — 


Single Double Klystron 
Edge Width Edge Width Types 


CF-100 Y CF-200 '\s CF.700 
CF-300 ! CF-400 15,  CF-800 
CF.500 1% CF.600 2M 


For further information write our 


Application Engineering Department 


EITEL-McCULLOUGH, INC. 


Ss AN 6 RF UN O Ga Ghiir @ & =: : a 
The Worid's Largest Manutacturer of Tranemitting Tubes 





TRADE LITERATURE 


Film Magnetic Tracks. A’ discussion of 


laminated 


maynetic tracks tor motion ple 
ture film is the subyect ot Sound Talk 
bulletin No. 33 nov ivallable or equest 
from Minnesota Mining and Manufactur 
ing Co., 900 Fauquier St., St. Paul, Minn 
Phe 4-page bulletin illustrates standard 
track idth ina positions | hich can be 
applied to l6-mm and Simm movie filn 
using the Scotcl brand magnetic lami 
nate system. Also shown are 10 standard 
magnetic recording films made by the firm 
in 16-, 17 and 35 mm widths. Details of 
the laminating process are described and 
physi il anal magnets characteristics of 
Scotch” brand No, /2/ laminate tape are 
outlined, The bulletin also lists seven film 
processors over the country equipped to 


laminate film 


Polyester Insulation. Two illustrated book 
lets on polyester electrical insulating prod 
ucts have been published by Insulation 
Manufactures Corporation > West 
Washington Bivd { hicago rT) Il! Also 
published by the company are the tollow 


4 page ¢ ata 


ing: a revised and enlarged 
log with descriptive information, photos, 
prices, and ordering data on electrical in 
sulation materials; an ilkustrated 20-page 
catalog on electrical slot insulations 
wedges, and fabricated parts, with selec 
tion guides and ordering data; and an 
alphabetical guide to electrical insulating 
materials. All catalogs mentioned are free 


ot charge 


Diazochrome Slides, A 28-page booklet de 
scribes preparation and use of diazotype 
color slides for overhead projection has 
been published by Tecnifiax Corporation 
of Holyoke, Mass. The booklet is entitled 
“Diazochrome Slides for Visual Communi 
cation.” The introduction to the hand 
book stresses the importance of visual com 
munication for rapid, efficient transmis 
sion of the modern world’s rapidly ex 
panding body of knowledge The rela 
tively new overhead projection technique 
is recommended as an etlective means of 
communicating ideas visually, particularly 
for education, training, sales promotion, 
staff meetings, and executive briefings 
Operation of the overhead projector 1s 
explained, and several projection tech 
niques are suggested. Production of static 
and dynamic projection. slides is thor 
oughly covered, including preparation of 
originals, color separation, opaquing tech 
niques, printing and developing, and 
mounting. The text is liberally illustrated 
with drawings, diagrams and photographs 
The booklet is printed in four colors and 
is attractively bound, It may be obtained 
free of charge by writing to Tecnifax 
Corporation, 195 Appleton St., Holyoke 
Mass 


Pressure Sensitive Tape. A t-page folder 
describing the use of Temp-R-Tape, a 
pressure-sensitive Teflon tape, for class 
H insulation and nonstick facing, is avail 
able, along with a sample of the tape, 


(Continued on page 872A) 
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e /S DESIGN LEADERSHIP.../” Action! 


New ECaM 
High Voltage 


(2200-4800 VOLTS 


Starters 


i i “a 
a a 
a ry 





Accessible from Front... 


(Solid back) « Starters may be mounted against wall 
or in double row, back to back 


Safe... 


Starter DISCONNECTED from bus as door is opened 
Low voltage section isolated from high voltage 


/nterlocked... , 
3 Interrupting Ratings 

against accidental closure by simple rod mechanism ’ 

Large wiring space for incoming leads for Squirrel Cage, Synchronous 


and Wound-rotor Motors 


NO DRAW- OUT NEEDED « Arc shields slide 
out horizontally, making front and rear con- 
tact-tips removable with standard wrench. 


EC&M’s new ZHA Starter not only saves valuable 


floor space—it provides more accessibility and con- 1. CLASS £1 + 50,000 KVA (symmetrical) based 
venience than ever before. Starters are available with on certified tests. 


self-contained bus in isolated compartment. A gang 2. CLASS E 2-With current limiting fusesand high 
of starters requires only one incoming feeder. Addi- interrupting capacity contactor. At 2300 volts: 
150,000 KVA, 3 phase; 60,000 RMS amperes 
asymmetrical. At 4,800 volts: 250,000 KVA, 3 
fice in neat, streamlined appearance. All starters are phase; 60,000 RMS amperes asymmetrical. 

self-contained and complete with control transformer 3. VALIMITOR® - May be used on a bus of unlim- 


: ow voltage for pushbutton circuits. ited short circuit capacity, through the use of a 
supplying low g -o ’ contactor with an interrupting rating of 50,000 


Write for BULLETIN 8130-F KVA, and reactors which limit any fault current 
to a maximum of 25,000 KVA. 


tional starters can be added as needed—with no sacri- 


THE ELECTRIC CONTROLLER & MFG. CO. 


A DIVISION OF THE SQUARE D COMPANY 
CLEVELAND 28 + OHIO 
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DESIGN 
PROBLEM: 


































Packing greater rectifying capac- 
ity into less space—with maximum 
reliability and efficiency—is becom- 
ing standard practice with General 
Electric Silicon Rectifiers. And the 
cost of these G-E High Current 
Silicon Rectifiers, with their un- 
matched performance, is now actu- 
ally less than that of comparable 
rectifying devices. 
REQUIRE MINIMUM SPACE 

The Silicon Rectifier pictured here 
in full size has ratings up to 85 
amp . vet measures less than 1% 
inches in diameter. It operates, or 
can be stored, safely at tempera- 
tures from 200° to —65° centigrade 
and checks out above 99% in effi 
erenecy Maximum peak inverse 
oltage is 300. Silicon rectifiers of 
higher ratings are on the way 

Produced by the alloy technique 
developed in General Electric 
laboratories, these high-capacity 
rectifier how no deterioration in 


‘ 


rectifier characteristics during 


~ 

. 

> 

© TEMPERATURE 
ES CENTIGRADE 


owaact STU 


> 
~ 
~< 

ce 





wAKIMUW 2... 


AMPERES 


SOLVED AT LOWER COST- 


with greater reliability—by this new 
General Electric High Current Silicon Rectifier 


Progress /s Our Most Important Product 


GENERAL @@) ELECTRIC 





extended life tests at full rated 
condition. The silicon element is 
hermetically sealed in a steel hous- 
ing for protection against mois- 
ture, fumes, dust, vibration, and 
corrosion. Effective cooling is 
assured by the tapered thread 
“plumbing type” stud that screws 
tight into heat sink or cooling fin. 
WORK ANYWHERE... ON ANY APPLICATION 
General Electric Silicon Rectifiers 
are installed in any position or lo- 
cation, and work in any rectifier 
operation. They are now serving in 
many applications such as are 
furnaces, welding, and protection 
against cathodic erosion 

They are available now in differ- 
ent voltage ranges, and meet rigid 
military specifications. For de- 
tailed information, consult your 
local General Electric representa 
tive, or write to General ERlectrie 
Company, Semu onductor Product 
Section S5427, Electronies Park ' 
Syracuse, New Yorl 





TYPICAL APPLICATION GENERAL ELECTRIC 
HIGH CURRENT SILICON RECTIFIER 


CIRCUIT 







OC OUTPUT 80 Volt » amperes, 60 
kilowatt 
RECTIFIER \pproximately one percent 
LOSSES 'y kilowatt 
COOLING One 642 neh quare lie 
REQUIRED thick copper fin for each of 
x rectif ng units whe: 
used t} 1000 fpr sO 
forced alr Free convectior 
rol ny ! ay be utilized by 








in area 





VOLUME Total volume of rectifiers 
nd fins—le than 4 of a 
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STREET LIGHTING CABLE 


Tappan Zee Bridge* lighted by 
40 miles of “U.S.” ozone-resistant cable 


A total of 258 luminaires is used for lighting this 1S. Spec 83 he neoprene jacket 


bridge spanning the Hudson River, making it prob greatest | 


ably the best-lighted bridge in the world. To minimize all-around 


distribution costs, constant current series circuits are easy to handle 
kor electric il wire id ‘ ible to fill any 


rneed. write Electric 


Yet the cable is light in v 


used 

The 40 miles of cable used on this lighting system ment, to handle any wirin 

S.” Series Street Lighting ¢ able, & Cable De partment United State 
tocketeller Center, New York 20, N. Y 

*Part of New York State Thruway system 


is OZ0NE-TE sistant a Rubber ( Ompany 


Uskorona — 2, butyl insulation, 7,500-volt shielded, 


Electrical Wire & Cable Department 


United States Rubber 
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Philadelphia's Convention Hall; Site of 
all events of the 1957 Nuclear Congress@ 
and International Atomic Exposition. 


Make your plans 
NOW to attend... 


2ND NUCLEAR ENGINEERING 
AND SCIENCE CONFERENCE 
March 11-14, 1957 


Sponsored and conducted by 20 

leading engineering and scientific 

societies under the coordination 
of Engineers Joint Council, 


More than 150 technical paper will be 
presented by the nation’s leading engi 
neers and scientists during 32 sessions 


covermg sue h topics as 

@ Reactor Design, Metallurgy, Control, 
Instrumentation, Shielding and 
Construction 

@ Reactor Components, Operation, 

: Standardization 

@ laste Disposal; Water Supply 
Protection 

@ Natural Resources: Fuel Production 
and Processing 


Vaintenance 


@ Thermodynamics and Coolant Systems 
@ Safety; Radiation Protection 

@ //se of Educational Nuclear Reactors 
@ High Intensity Radiation Processing 


@ Fusion 


ADVANCE REGISTRATIONS 
HOTEL RESERVATIONS 


For pre-registration forms and informa 

tion on hotel reservations, write: 

1, Your own organization participating in 
the Congress, or 


Engineers Joint Council 
29 West 39th Street 
New York 18, New York 





} 





INTERNATIONAL 
ATOMIC EXPOSITION 
March 11-15, 1957 


Sponsored by the Américan Institute 
of Chemical Engineers with the coop- 
eration of the American Society of 
Civil Engineers, the American Insti- 
tute of Mining, Metallurgical and 
Petroleum Engineers, the American 
Society of Mechanical Engineers and 
the American Institute of Electrical 
Engineers. 


See the latest equipment, materials, and 
processes relating to the non-military uses 
of atomic energy in its various forms on 
display—many of them for the first time. 
Virtually all major suppliers or services 
to the nuclear energy field—from mining 
equipment and supplies to power distri- 
bution, electronics, chemical, metallur- 
gical, mechanical, and many others—will 
display. Foreign industry and govern- 
ment will also be represented, 

In addition to the thousands who reg- 
istered for the technical sessions at the 
1955 Nuclear Congress, over 15,000 reg- 
istered to view the 165 exhibits—engi- 
neers, scientists, executives from indus- 
try, purchasing officials, press, educators, 
technical students, etc. Attendance at the 
1957 Congress is expected to be even 
bigger. 


Headquarters for exhibit information is: 


International Atomic Exposition 
117 South 17th Street 
Philadelphia 3, Pennsylvania 






CONGRESS SPONSORS 





AMERICAN CHEMICAL SOCIETY «+ 
ENGINEERS «+ 
INSTITUTE OF PHYSICS «+ 


AMERICAN GEOLOGICAL INSTITUTE «+ 
AMERICAN INSTITUTE OF INDUSTRIAL ENGINEERS «+ 
AMERICAN SOCIETY OF CIVIL ENGINEERS «+ 








MARCH 11-15, 1957 


PHILADELPHIA 
PENNSYLVANIA 








5TH ATOMIC ENERGY IN 
INDUSTRY CONFERENCE 
March 14-15, 1957 


Sponsored and conducted by the 
Vational Industrial Conference 
Board (460 Park Ave., N.Y. 22 


Reports on current and future economic 
effects of atomic energy and the way ex- 
perienced companies dealing with 
managerial problems arising from the gen- 
eration of nuclear power and use of atomic 
by-products in research and production. 
The 14 sessions cover such topics as: 


© New markets for new metals and hou 
to realize them 


© Better product development through 
radioisotopes, radiation chemistry 
© Safety, health, insurance, legislation 


© Status of foreign and domestic atomic 
energy developments 


5TH HOT LABORATORIES AND 
EQUIPMENT CONFERENCE 
March 14-15, 1957 


Sponsored and conducted by the 
Hot Laboratory Committee 


More than 60 technical papers presented 
by designers and operators of laboratories 
handling radioactive materials. Six ses- 
sions cover new developments in hot labo- 
ratories and cells, remote handling equip- 
ment, and hot cell operation. 





AMERICAN INSTITUTE OF CHEMICAL ENGINEERS «+ 
AMERICAN INSTITUTE OF MINING, METALLURGICAL & PETROLEUM ENGINEERS 
AMERICAN SOCIETY FOR ENGINEERING EDUCATION «+ 





AMERICAN INSTITUTE OF ELECTRICAL 


AMERICAN 
AMERICAN SOCIETY FOR METALS 


+ THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS + AMERICAN SOCIETY FOR TESTING MATERIALS + AMERICAN WATER WORKS ASSOCIATION + FEDERATION 


OF SEWAGE & INDUSTRIAL WASTES ASSOCIATION + 


HEALTH PHYSICS SOCIETY « 


INSTITUTE OF THE AERONAUTICAL SCIENCES «+ 
¢ NATIONAL INDUSTRIAL CONFERENCE BOARD + SOCIETY OF AUTOMOTIVE ENGINEERS + THE SOCIETY OF NAVAL ARCHITECTS & MARINE ENGINEERS 


INSTITUTE OF RADIO ENGINEERS 






New Edition, Completely Revised 
Electric Power Distribution 


for Industrial Plants 
(RED BOOK) 


No. 952 


The purpose of this publication is to bring to the attention of engineers, owners, and plant man 
agement the important features of well-designed electric distribution systems that result in satis 
factory performance of utilization equipment and efficient operation of the plant; it covers the 
features of the electric distribution systems which are applicable to most types and sizes of indus 
trial plants. It sets forth the elements of the distribution system both as to what to do to accomplish 
desired results and the reasons for them. It does not explain in detail how to accomplish the final 
results. 

Basic information is included to determine the approximate load requirements of industrial plants, 
the type of distribution system, the distribution voltages, and voltage regulation, as well as informa 
tion to assist the engineer in the selection of transformers, circuit breakers, relays, meters, fuses, 
cables, bus, and miscellaneous equipment needed in the design of an adequate electric distribution 
system for present and future load conditions. Operating and maintenance problems are dealt with 
only in so far as they affect system and equipment selection. Basic information is included to deter 
mine load requirements, type of system, and voltages. Data are included to assist selecting trans 
formers, circuit breakers, relays, meters, fuses, conductor, and miscellaneous equipment for present 
and future loads. 

$3.50 per copy (50 per cent discount to AIEE members); 172 pages 





New Companion Publication 


Grounding of 
Industrial Power Systems 


No. 953 


This publication covers the problems of system grounding, connecting the frames and enclosures 
of electric apparatus to a ground system, the problems of static, the methods of protecting struc 
tures against the effects of lightning, and the problems of obtaining a low resistance connection to 
the earth. 

The popular name “Green Book” now applies to this new publication rather than to Interior Wir 
ing Design for Commercial Buildings as before. The latter publication is out of print pending revi 
sion and when the new edition is available it will be known as the “Gray Book.” 

$1.20 per copy (50 per cent discount to AIEE members); 40 pages 


DETACH 
This is an order from: (Please print) AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 WEST 39TH STREET 
NEW YORK 18, N.Y 


Name 


Address 


Member 


Name 
Nonmember ame 


t Ee 
Remittance of $ is enclosed for the publication(s) checked below Street 


|952 Electric Power Distribution for Industrial Plants City Stote 


953 Grounding of Industrial Power Systems (CONTENTS—PRINTED MATTER) 


POSTMASTER: This parcel may be opened tor Postal Inspection if necessary 
Return postage guaranteed 


Type or print on return mailing label —> 
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BIG NEWS ABOUT A LITTLE PRODUCT 


(ACTUAL SIZE) New “PYGMY” Connectors 
for Miniaturized Electronic 
Equipment Installations 


Although the newly developed * Pygmy” 


line of miniature electrical connectors 
is approximately one third smaller in 
size and weight than the standard 
Bendix * AN connector, they provide 
the same outstanding qualities ol 


Bendix “PYGMY” Electrical Connectors serviceability, ruggedne reliability 


and resistance to vibration, moisture 

Gold Plated Contact Can be pressurized to current 
MIL-C-5015 specification 

Closed Entry Socket connectors have become world famous 

High Strength Aluminum If you have an application for mini 

Shells aturized electronic equipment requir- 


and corrosion for which all Bendix 


Resilient Scinflex Insert 


Alumilite or Cadmiur ing lighter and smaller connectors than y 
‘ AAI 
Piate Finist Variety of Styles Available standard AN types, you'll find Bendix Nuh 


General Duty, Environmental 





, f a Resist Pottine 7 hada “Pygmy” connectors the best possible a 
ul }, ne t esstin 0 mn es \ 
er ee : Ae solution. Write for complete detailed 


Double Stub Quick Nut Receptacles, Hermeti f 
information CINTILLA DIViSI0N 0» <a 


Thread or Three ally Sealed Receptacles 


oint Bayonet Lock BENDIX AVIATION CORP., SIDNEY N. ¥ 


* P 
Wide Choice of Insert Pat REG. U.S. PAT, OFF 


Light Weight terns (1 to 55 contacts) 


nn Ee See Designed especially for minia 4 
Maximum Serviceability turized Electronic Equipment ° 
Scintilla Divisi ne 
ee Scintilla Division 


SIDNEY, NEW YORK AVIATION CORPORATION 





GENERAL ELECTRIC ANNOUNCES... 


NEW 90,000-KVA 
E-| MOTOR STARTER 


General Electric's all new 50,000-kva, air-break motor 

starter utilizes the 50-mva interrupting ability of its 

contactor for fault interruption. This new Class E-1 

starter combines dependable performance with these 

other outstanding features 

@ Increased Personnel Safety—entrance to the high- 
voltage compartments is impossible until the unit 
has been de-ene rpize d 

@ Easy Installation—contactor may be rolled in or out 
of unit, and all connections are made from front 

@ Space Savings—small cabinet (30 in. deep, 38 in 
wide, 901in. high) plus elimination of need for back aisle 





rhis new General Electric starter is designed to 
handle 2300 to 4600 volts for motors up to 3000 hp 
Unit contains no power fuses; however, for interrupting 
capacities over 50,000 kva, fuses can be added 

Contact your G-E Apparatus Sales Office, or write 
Sect. 783-5, General Electric Co., Schenectady, N. Y 
Industry Control Department, Roanoke, Virginia. 


. New G-E starter provides 50-mva interrupting capacity without 
E N ft RA \ | fuses, increases personnel safety, minimizes floor-space needs. 
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q 
i... CORPORATION OFFERS 


OPPORTUNITIES FOR... ENGINEERS, 
PHY@ICISTS AND MATHEMATICIANS 
IN SE FIELDS 


RESEARCH: 
Studies of the rchability of systems components, 
nuclear weapons effects, aerodynamic character- 


istics, and quality expectation. 


DESIGN AND DEVELOPMENT: 
( omple x electromechanical systems, components, 


and handling equipment. 


TEST ENGINEERING: 
Design of test equipment and direction of exhaus- 
tive cnvironme ntal and fie ld tests to determine 


reliability of component: ind systems. 


STANDARDS ENGINEERING: 
Analysis of manufac turing and design procedures 


tO determine and maintain propel standards 


MANUFACTURING RELATIONS ENG/NEERING: 
Establishment of contact with asso¢iated manu- 
facturers to decide on | dud tion me¢ thods. tooling, 


and procedure 


QUALITY CONTROL ENG/NEERING: 
Determination and-establishment of quality stand 
ards and enforcement of standards to assure quality 


ot produc t 


development, ° 


weapons 


Y 


Modern equipment in ait conflitioned labfra- 


tories, shops, and offices combines withAiberal 
benefits, including free life insuran sickness 
benefits, retirement and health pgetection plans, 
and extremely generous vac ahs and holidays 


espe ( tally 


to make Sandia an attractive place 


‘to work, 


with its exceptional climate and 


Albuquerque, 
metropolitan blending of ancient and modern 
cultyres, provides an informal, pressure-tree en- 
virénment for pleasant living. The city has an 
excellent school system. The University of New 
also located here pro iding Oppor- 


Hou inp i 


cional facilicse 


idvanced tudy re idily 


| } 
ibound 


yor nm the San Frat 


IF YOU'D LIKE MORI AC ibout Sandia 


Corpogation oul backgron rT ( r work and the 


Ww ¢ ll be happy to end you 


oOpportunits NC ( i 


ilfu tt ited bro hure which Hive more cle f iil 


rite to Staff Employm« nt Division SS1A. 


SAIN DTA 


CORPORATION 


ALBUQUERQUE. NEW MEXICO 
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Get Full Protection Engjneered into 


3 Phase Motors 


with a single built-in| Klixon Protector 


Prevent overheating caused 

BY 

Prolonged overloads 

Single phasing 

Stalling 

Failure to start 

Lack of ventilation 

Increase in ambient temperature 

@ Plugging or reversing duty 


Motor manufacturers everywhere are doing a fine 
job of building Klixon Protectors into their 3-phase 
motors, just as they have over the years in their 
single phase motors, to assure you of maximum 
work output with minimum down time. 

Klixon 3-phase Protectors are now available for 
motors ranging from fractional HP up to 7!'4 HP 
(600Y ) 


@ Reduce Production Down Time 
@ Eliminate Motor Burnouts 
@ Minimize Motor Repairs and Replacements 


@ Assure Maximum Motor Capacity Under 
Any Conditions 
Simplify Motor Controls 
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Specify AnD USE MOTORS 


WITH BUILT-IN 
KLIXON PROTECTORS 


Specify and use motors with Klixon Inherent Pro- 
tectors. The additional cost is low . . . the savings 
high. Write today for Bulletin MOPR1 which ex- 
plains inherent motor protection in single and three 
phase motors. 


KLixoN 


METALS & CONTROLS CORPORATION 
SPENCER THERMOSTAT DIVISION 
4202 FOREST STREET, ATTLEBORO, MASSACHUSETTS 
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For A-N-Ything in Alnico 
Sitiyfy ARNOLD” 





Cast Alnico Magnet if 
monly made in Alnico 

Sintered Alnico Magnet 
made in Alnico II V of 
ermanent magnet 


, 
Vicalle y, Cunico, and 


Enginecwing Data 


Write for your copy 
BULLETIN GC-106B 
Contains useful data on Alnico Mag 


their physical ana i ig netic 
rties. Also 
lard tolerances tor 


magnet 


ADDRESS DEPT. EL-72 
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Elbe 


Your best bet when looking for a 


source of Alnico magnets and assem 
Asnold producer of the 
most complete line of magnetic ma 
terials in the industry. Arnold can 
supply your need for any size or 
shape o Alnrco magnet, as illustrated 
by the variety pictured above 
Weights range from a few ounces to 
75 pounds or more. Die-cast or sand 
cast aluminum jackets, Celastic cov 
ers, etc., can be supplied as required 
Complete assemblies are available 
with Permendur, steel or aluminum 


blies is 


PRICAL BES 


bases, inserts and keepers as specihed 

magnetized and stabilized accord 
ing to the requirements of the ap 
plication 

A wide range of the more popular 
shapes and sizes of cast and sintered 
magnets are carried in stock at 
Arnold Unsurpassed plant facilities 
make possible quick delivery of all 
special orders, @ Let us handle your 
magnetron, traveling wave tube and 
wave guide permanent magnet require 
ments, or any other magnetic material 
pecification you may have 
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THIRD OF A SERIES 


LV relia vility 


engineering 


is not enough 


There’s more to reliability than meets the eye 
.»- a thousand inspectors cannot put reliability 
into an item that is inherently weak in 
engineering or production design... highest 
reliability in a component is obtained only 
when the manufacturer is aware of the problems 
in obtaining reliability ... plus providing a proper 
climate in which employees are motivated 


by pride in product to surpass specifications, 
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In our humble opinion, the building of 
reliability into a product requires an alert 
awareness of the many, many facets of the 
problem. We'd like to submit these . 


“Integrity of intent” on the part of the manufacturer 
to meet the problems ... coupled with provision of 
a proper climate for the carrying out of reliability 
objectives 

Financial ability to take the necessary steps 

Modern manufacturing equipment and methods 

Plant capacity and flexibility 

Design and engineering know-how that recognizes 
end-use requirements and environmental conditions 
Careful employee selection and training 

Long-range master planning 

In-plant industrial and production engineering 
Research, testing, development laboratory activities, 
including complete testing of prototype to end-use 
requirements 

Continuous reliability assurance testing during the 
manufacturing operation, and institution of required 
corrective action 

Collection, in the field, of failure data, analysis, and 
corrective action 


* All of these facets in depth 


Important as all of these are, the most important is 
the provision of proper climate, in the form of spirit 
and attitude of all personnel in pride of product, to 
carry out reliability objectives. In preceding articles 
in this series we've touched on some of the more tech- 
nical aspects of reliability engineering. The manufac- 
turer must naturally have an awareness of the problem, 
the integrity of intent to turn out the best product it 
can for a particular market or application, the financial 
ability to establish a Reliability program, the manage- 
ment ability to install it, the necessary manufacturing 
equipment and engineering organization to carry it 
out. But all of these are not enough, if they are not 
instituted in a climate where an attitude will prevail 
that makes such things effective 

The manufacturer integrity must necessarily be 
carried out, also, in the design, in manufacturing, and 
in finally warranting the product created ... but, again, 
with every man and woman in the organization trying 
to meet or exceed the standards that have been created. 
This latter a pect we call pride of product” on the 
part of the people who are produc ing it. And such pride 
must exist not only for the final product but for each 
part of that product, and in each step in the process 
There is also an added dividend to reliability; the repu- 
tation of the product will cause the user to handle it 
with the same pride and care as was put into its 
manufacture, 

It is interesting that people who are proud of a 
product, and enjoy what they are doing, can keep 
closer tolerances on the parts they work with and 
produce than those who are merely working for their 
pay. An assembler, who’s proud of the product turned 
out, sees que tionable component and avoids putting 
them into the assembly, while a disinterested person 
leaves them for inspection” to catch, It is interesting 


in this connection, too, that some of the finest watch 
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parts made in Switzerland are produced in little shops 


where modern quality control techniques are unheard 
of ... produced by a craftsman whose major technique 
is pride in his work .. . and thereby builds everything 
to the exacting tolerances required. 


UPPER CONTROL LIMIT 





UPPER CONTROL LIMIT 











LOWER CONTROL LIMIT 
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Quality control graph . . . without 
pride in product. 


Quality control graph . . . with 
pride in product. 

The atmosphere here at Cannon, since our inception 
in 1915, has included a design and manufacturing phil- 
osophy embracing the highest quality and reliability 
in each Cannon Plug for the specific application for 
which it is to be used. To these principles all Cannon 
Plugs are built! Even on connectors designed to customer 
or MIL-spec we constantly strive to give even more... 
to increase the safety factor ... to give that “something 
extra” according to our own high “Cannon Standards”, 
as exemplified in our Cannon Credo. 





THE CANNON “CREDO” 


TO DEVELOP an organization of exceptional 
people possessed of respect for the dignity 
of the individual and imbued with the spirit 
of the team, 

TO PROVIDE a facility with which we can 
produce to our utmost in an efficient and 
pleasant environment. 


TO DEVELOP and produce products of such 
quality, and render such service, that we may 
always be proud of our efforts. 

TO MARKET the product of our endeavor at 
a reasonable profit for continuing growth, 
reward for effort and a return on investment. 


TO ACCEPT our responsibility to our com- 
munity, our country, and our fellow man, 


The Cannon ‘'Credo’’ 
Cannon plants 


s posted through all departments of all 
Copy available to you on request 











On the more technical side ... we at Cannon have 
attempted not only to provide the prope! climate for a 
complete reliability program from the viewpoint of men- 
tal attitude, but to provide the necessary facilities in 
which that attitude may work effectively. One of the most 
important of such fields is that of engineering organiza- 
tion and proper utilization of spec ialized engineering per- 
sonnel. As a pure haser of Cannon Plugs, with a personal 
stake in their reliability, you will be interested to know 
that our engineering divisions are grouped as follows: 


. men who look to the future 
.. investigating the newest in technological improve- 


Master Planning Group. . 


ments, providing interplant project coordination for 
maximum flexibility to meet the challenges of our 
ever-changing future, 

Industrial Engineering Group. . . experts who call out 


the materials, methods, and processes to be used in 


the manufacturing cycle ... experts who collect, 
analyze, and institute corrective action in accordance 
with field failure data. 


Sales Engineers . . . fully qualified technical men who 
contact our customers, 


Design Engineers . . . spec ialists in past and present 
design methods who analyze failure data caused by 


design inadequac ies and initiate corrective action, 


Development Engineering and Model Shop Group... 
spec ializing in the development of prototypes. In these 
Laboratories, your prototype is tested to see that all 
spec ifications are met... phy sical, operating, environ 
mental. Test reports are made up, and presented to 
you for review and approval. Not until all these steps 
have been taken is your order placed in production. 


Product Engineers . . . spe ialists in parti ular types 


of connectors, 


Quality Control Group. . . well qualific d to administer 
the high requirements of “Cannon Standards” .. . 
staffed by well trained inspectors and analysts equipped 


with the most modern equipment. 


Quality Engineering Group .. . handling the technical 
aspects of sampling plans -.+ preparing inspection and 
test prot edures to realize the customer’s desired quality 
level and the over-all quality level of the entire Cannon 
manufacturing operation. Materials are processed 
through receiving inspection. Process, re-work and final 
inspection barriers are set up. In addition to standard 
Military and Cannon manuals of quality control pro- 
cedures, specific jobs... such as yours ... may require 
additional special inspection or testing. If so, these 
requirements are established throughout the process, 
and where necessary, coordinated with you. Our failure 
data collection and analysis in this field has given us 
intimate know ledge of the critical points at which such 
control should be used. Recognized statistical control 
procedures are used both in process and at the Inspec- 
‘tion points, 


Materials and Processes Laboratory Group . working 
in both the research and production phases. This is 
the proup that check performance of new ae ivn 


constantly investigates new materials and processes, 
and (over and above norma! manufacturing supervision 
and quality control operation) runs continuou re- 
liability and assurance tests on the manutacturing eye le. 

* * . 

Fach of our 20,000 Standard Cannon Plugs are of 
highest quality and were de igned to meet exacting re 
liability requirements, We also produce special designs 
to meet the most exceptional AQL end-use requirement 

If you have a problem requiring high-reliability Cannon 
Plugs, we would appreciate the opportunity working with 
you. 


Cordially, 


‘aus 
(ae President 


c 
CANNON E.ectaic Company 
3208 Humboldt Street, Los Angeles 31, California 


art, @ GANNON PIUESs 


Eight plants around the seven seas! 
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Where do you belong in 


Computer Circuit Design Engineers plan elec 
tronic circuitry for advanced airborne analog 
ind digital computers design linear and 


pulse circuits employing transistors, tubes, 


magnetic devices. Opportunities also exist 
supply 
develop new techniques for marginally check 


in airborne power design, or to 


ing computer performance. Do you belong 
on this team? 


B.S.E.E. 1950, 
Syracuse, Design Engineer in circuit design, 
1951; October, 1954, promoted to Associate 
Engineer; April, 1956, promoted to Staff 
Lingineer, System 1956, 
ippointed Project Engineer and Manager of 
the L110 Computer Circuit Design Depart 


ment; discussing the performance and pack 


Harry Branning (center) 


Planning. In June, 


iging details of a transistorized read amplifier 


fK 


Computer Logical Design Engineers determine 
the systems outline of a computer and its 
inter-connection with external equipment 
Close liaison is maintained with mathematical 
support, circuit design, packaging and test 
engineers ( omputer spec d, memory size,con 
figuration and arithmetic structure are tailored 
to requirements of weapons systems. Do you 
belong on this team? 


William Dunn (standing) M.E. 1950, M.S.E.E 
1952, 


1955; 


Stevens Institute. Technical Engineer, 
April, 1956, promoted to Associate 
August, 1956, transferred to De 
velopment Engineering in charge of Logical 
Design for 


I ngineer 


digital computers in advanced 
veapon Boolean 


Algebra method of optimizing the logical de 


systems; here disc ussing 


ign of an airborne digital computer. 


4 


Systems Evaluation Engineers test and evalu- 
ate electronic analog and transistorized digi- 
tal computer systems design for aircraft; 
evaluate new systems and improvements to 
insure compliance with specifications and Air 
Force requirements, Other assignments: tie 
n testing of peripheral equipment, liaison 
with design, development and field engineer- 
ing. Do you belong on this team? 


Eli Wood (left): B.S.E.E. 1950, Connecticut 
IBM Customer Engineer, July, 1950; Sep- 
tember, 1952, transferred to ACL Field En- 
gineering. February, 1954, in charge of Field 
Engineering at Hunter AFB; May, 1955, Asso- 
ciate Engineer; appointed Project Engineer, 
Manager of Systems Evaluation in August, 
1956; here investigating a problem in radar 
data presentation set evaluation testing. 


The brief cited 
above indicate only a few of the excit- 
ing activities right now in IBM Military 


Products 


records of the men 


This division, organized 18 
months ago, has grown enormously. A 
small-company atmosphere prevails 
Men work in small teams. . . individual 
contributions are instantly recognized 
Promotions occur frequently. 

As a member of IBM Military Prod- 
ucts, you'll enjoy physical surroundings 


and equipment second to none. Educa 


DATA PROCESSING 
ELECTRIC TYPEWRITERS 
TIME EQUIPMENT 
MILITARY PRODUCTS 


Please mention ELECTRIC 


tional programs at IBM expense lead to 
advanced degrees. Salaries and bene- 
fits are excellent. Stability is guaranteed 
by IBM’s history of consistent achieve- 
ment—underlined by the fact that the 
rate of turnover at IBM is only one- 
sixth the national average. 

Throughout the length and breadth 
of the United States IBM has built 
modern plants and laboratories. This 
map points out the various locations 
where you might live as an IBM em- 





MILITARY 
PRODUCTS 
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IBM Military Products? 


Systems Engineers oversee the engineering 
support provided by the Systems Coordination 
and Specification Group to the factory on the 
AN/ASB-4 Bombing-Navigational System 
Air Force requirements are analyzed and the 
resulting engineering changes evaluated to 
determine effect on system performance and 
accuracy. Mathematical error analyses are 
run. Do you belong on this team? 


Quentin Marble (left): B.S.M.E. 1951, Syra 
cuse. Joined IBM in 1951; promoted to De 
sign Engineer in 1952; May, 1955, promoted 
to Associate Engineer, and then to Project 
Engineer, Manager of the Systems Coordina 
tion and Specification Group, Production En 
1956; 
shown here describing a unique cooling de 


gineering Department, in February, 


sign to a new employee in his group 


ployee. IBM Military Products include 
the Airborne Computer Laboratories 
located in Owego, N. Y., and the Proj- 
ect SAGE installations directed from 
Kingston, New York. 

Here is a real ground-floor opportu- 
nity that you can’t afford to overlook. 
Without exaggeration your potential in 
this dynamic young field of electronic 
computers 1s virtually unlimited. Get 
all the facts 
bac kground and interests to: 


Write, outlining your 


R. A. Whitehorne 


Systems Anolysts anticipate performance and 
recommend design criteria before and during 
Later 


pare dynamic performance accuracy and re 


development of equipment they com 
liability characteristics with what has been 
anticipated. Other assignments include Digi 
tal Computer 
Output and Analog-Digital Conversion Engi 


Systems Engineering, Input 


neering. Do you belong on this team? 


1952, 


Technical En 


Monroe Dickinson (left): B.S.E.E 
W.P.1.; M.S.E.E. 1954, M.LT 
gineer in analog and alternate computer tec h 
1952; 
Engineer responsible for systems design and 
1954; December, 1955, Staff Engi- 
neer, responsible for research planning; here 


niques for weapons systems, Associate 


analysis 


reviewing set-up on laboratory analog com- 
puter of a sampled data control problem. 


Manager of Engineering Recruitment, Dept. 302 


International Business Machines Corp. 
590 Madison Ave., New York 22, N. Y. 
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Exceptional career opportunities are 
now open in IBM Military Products 
for E.E.’s, M.E.’s, physicists, and 
mathematicians, in the following fields: 
SYSTEMS PLANNING AND ANALYSIS 
DIGITAL AND ANALOG SYSTEMS 
INERTIAL GUIDANCI 
SERVO-MECHANISMS 

ELECTRONICS 
MECHANICAL DESIGN 
ELECTRONIC PACKAGING 
PROGRAMMING 

FIELD ENGINEERING 
RELIABILITY 
COMPONENTS 

PHYSICS 

MATHEMATICS 

HUMAN ENGINEERING 
INSTALLATION 

CIRCUIT DEVELOPMENT 
POWER SUPPLIES 
PRANSISTORS 

HEAT TRANSFER 
OPTICS 

rEST EQUIPMENT 
COST ESTIMATING 


TECHNICAL PUBLICATIONS 
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A financial giant, the new Texas Nation 
Bank rises on the fabulous Texas Gu 
coast, Marcus transformers provide ‘mon 
in the bank’ dependability for power @ 
lighting distribution, For trouble 
performance and greater profits, choo 
for your next transformer installatia 










Architect: Kenneth Franzheim, Consulting ‘ 
Engineers: Bernard Johnson & Associates, 
Electrical Contractor: Howard P. Foley Co 


TRANSFORMER CO., inc. || | 2 df 
GS, RAHWAY, NEW JERSEY 4 


Representatives in Principal Cities maw] 
tae 


“Mark of Quality” 


















» MICROVOLT. AMMETER 












Universal DC Meter 
NE OF DRY TYPE AND LIQUID-FILLED TRANSFORMERS THRU 5000 KVA, 


ILSCO 


For Superior Quality 
V Check these features 





This new microvolt-ammeter-amplifiet 


THE will measure as little as 10 pv or 10 pya 


with accuracy. It may also be used as 


a DC amplifier with up to 80 db gain 
BIG and only 10 pv drift. A zero-center mir- 
rored scale provides instant polarity 


LUG OF indication, Utilization of Kay Lab’s 


‘ hopper tabilized circuit provides 



























versatility, accuracy, and stability that 


INDUSTRY is unobtainable with conventional 
VTVM's. The Model 203 is the ideal 


general purpose laboratory meter, 





[ ] Pure copper, 100% conductivity 






Wide wire range—re-usable 


U/L-CSA Approved 






production test set. or null meter, 






Compact—rugged 






Advanced designing 









SFr ZCciriCcgak Tt tO 2 eS 
| Sound engineering 


MODEL LO 






100 xv to L000 y fs 
100 pua to 100 ma fs 


| Speedy installation 








Cool operation—takes overload 25 range 






100 megohms input 
[ ] No special tools needed Me 
80 db gain as ampliher 








| All screws wox-treated for better clamping 10 wv equivalent input drift 


1 volt output 










Your V Test Will Prove 
ALL THESE FEATURES 1LSCO Superiority Over 


AT LOW COST Cast Or Any Other Type Lugs 


PTT LOK-A BLOK Representatives in all major cities 
is fl Write for literature or demonstration. 
VT MU CLIPS TERMINAL BLOCKS 


Write for Catalog #50 and Samples LAB 


S725 KEARNY VILLA ROAD 


5743 MARIEMONT AVE. CINCINNATI 27, OHIO SAN DIEGO 11, CALIFORNIA 





@ Price $550 
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C-D-F KNOWS HOW TO MACHINE PLASTICS. 
A bus bar gets a covering of molded Di- 
lecto over copper supplied by the cus- 
tomer. The plastic skillfully 
trimmed on a smooth saw. 


ends are 


C-D-F HANDLES THE COMPLETE JOB An oil circuit 
breaker component is made from two Dilecto 
laminated plastic tubes, with a threaded ring join 
ing the assembly. From raw materials to finish 
machining C-D-F does it all! 


ae 


C-D-F MOLDS MANY SPECIALTIES. This 
shaft insulator for a circuit breaker is 
molded from C-D-F’s cloth-based indus 
trial thermosetting plastic, Note 
complexity of mold, clean detailing 


C-D-F USES MODERN METHODS. 


quantities of arc chut 


Large 
barriers are made 
from paper-based Dilecto. Operations in 
Celoron 


clude pressing, cutting, post-forming and 


trimming. 


Dependable equipment relies on C-D-F insulation! 


L 


C-D-F OFFERS UNIQUE MATERIALS. This 


ircuit breaker 
of molded ¢ -D F 
Celoron used in switchgear because of its 


high impact 


contact shaft for an air 
is another exampl 


trength. 


s our catalog in Sweet's Design 


File for basic product data and 
sales offices. Write for detailed in- 
formation, or send us your print 
lor quotation 
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C-D-F 1S A SKILLFUL ASSEMBLER. Made C-D-F UNDERSTANDS THE ELECTRICAL IN- 
from Grade C rolled Dilecto tubing, these DUSTRY'S NEEDS. Precisely 
slotted Then a clos tolerance Dilecto 
inserted and arc 


machined to 
boards 
ulation, help de- 


pots are turned, bored, 
macerated plastic end i 
resistant varnish finish applied. 


I inel 
guarantee dependable in 


signers Save space. 


CONTINENTAL DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE DIVISION OF THE BUDD COMPANY, INC. 
NEWARK &6, DELAWARE 
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The Vacuum Switch Goes to Work 
SWITCHING 
TRANSMITTER ANTENNAS 


EMINING 


RADIO 


vacuum tLictec 


No longer is it necessary to manually switch high volt- 
age rf circuits. No longer is it necessary to fight problems 
of changing contact resistance or rectification due to the 
oxides that form on contacts in air, 

Jennings vacuum switches have solved these problems. 
Their clean contacts stay clean since contamination is im- 
possible in a vacuum. And in addition the high dielectric 
strength of a vacuum makes possible small solenoid actu- 
ated relays that can interrupt high voltage circuits with 
contacts that have to move only a fraction of an inch. 


Turn therefore to Jennings with all of your rf switching 
problems. ‘‘Hot'’ or ‘‘cold’’ rf circuits can be remotely 
operated at any power level and at any transmission line 
frequency. Jennings vacuum switches can be used to 
switch antennas from transmit to receive, from the final 
amplifier to the driver stage, or from a main transmitter 
to a standby transmitter. They can be used to isolate a 
transmitter from its antenna, to switch to one of several 
antennas or to switch from an antenna to a dummy load. 
They can also be used for tap changing on rf coils or for 
switching antenna tuning coils. 


We can suggest a relay for many difficult rf, dc, or 
60 cycle switching problems if you will send us your 
circuit conditions. 


Type JGF-RE2 
Transfer Relay for 
switching aircraft 
antennas 


SPDT Coaxial Relay 
for 3 inch, 

50 ohm line— 
VSWR less than 1.1 
at 325 mc 


Type R2 SPDT 

Latching Relay for switching 
transmission lines at up to 
250 KW of power 











Type RM2 2PDT 
Transfer Relay suitable 
for 5 KW broadcast 
transmitter antennas 


JENNINGS RADIO MANUFACTURING CORPORATION - 970 McLAUGHLIN AVE. 
P.0. BOX 1278 - SAN JOSE 8, CALIFORNIA 
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Trade Literature 


from the Connectiut Hard Rubber Com 
pany, 407 East St New Haven, Conn 
The folder mentions uses, gives properties 
and prices of Tem-R-Tape. The tape is 
available in 0.006 inch and O.OL3) tich 
thicknesses, 14 inch to 12 inches wide, in 
rolls or on a cloth backing with a range 
ot sizes available trom stock direct o1 


through local distributors 


Heater Handbook. A vest-pocket edition 
of the Venturafin Unit Heater Handboot 
is available trom American Blower Cor 
poration Detroit s2 Mich Ihe O64 
page illustrated handbook (bulletin 97/7) 
contains specifications and operating 
characteristics as well as installation and 
application data for the complete Ven 
turafin line. Designed to be easily carried 
in a pocket, the handbook is a handy 
source of unit heater information tor on 
the-job calculations or conferences. In 
cluded in the pocket handbook are such 
important data as capacity tables, dimen 
sLOMS chyginccring specifications external 
ductwork suggestions, mounting heights 
piping diagrams, pipe sizes, sound ratings 
and wiring diagrams. Also included is a 
typical selection problem together with 
the recommended easy-to-follow step-by 
step solution procedure Easily unde 
stood line drawings are used in a number 
of places throughout the handbook foi 


further clarification of the data presented 


Fool Engineer Survey. The results of two 
surveys recently completed by the Na 
tional Education Committee of the 35,000 
member American Society of Tool Engi 
neers are now available in) booklet form 
The surveys, designed to assist educator 
in realistic planning ol engineering cut 
ricula to meet industry need reveal 
where graduate ive employed, im what 
areas more training is needed, and how 
present curricula can be changed to better 
meet actual incdwustry job requirement 

Data for the surveys was obtained from 
mechanical and industrial engineering 
alumni of five top engineering school 

and trom information received from 1.050 
companies in the metalworkin nalustric 

Among other things they show that one 
out of every three mechanical and indu 

trial engineering graduates is, or will be 
assigned to manulacturing chyglinecrinie 
responsibilities, including those of man 
agement. For your copy write American 
Society of Tool Engineers, 10700 Puritan 
Ave., Detroit 38, Mich 


I-F Amplifiers. A broad line of i-f ampli 
fiers and preamplifiers using miniature 


and subminiature tubes is illustrated and 


lescribed tna fous page brochure tou 
described include laboratos typ forr 
HhOLS€ ligtire mcasurcmenl stulpminature 
preamplifier and automat frequene 
control units, and general purpose ampli 
fiers for radar and guided missile appl 


(ation 
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Trade Literature 


Flexible Couplings. Torsionally flexible, 
Morflex couplings are fully described in 
a new 24-page catalog. The Morflex prin 
ciple, employing preloaded rubber bis 
cuits as the flexible medium, is ¢ x plained 
and illustrated, Complete dimensions and 
specifications are given on standard 
double, and radial type couplings with 
additional data on coupling drive shafts 
lorsional deflection charts and = instruc 
tions = tor Lise explain the method of 
coupling selection in controlling the tor 


sional vibration of a system 


Univac. The advantages of the Univac 
 punched-card computer for engineer 
ing use are outlined in a new booklet 
How To Harness the Profit-Power of Elec 
tronics recently published. With this 
electronic computer’s ability to speed 
through any mathematical or algebraic 
formula, jobs formerly prohibited by com 
puting costs are now feasible. Mistakes 
which could Wipe out weeks of calcula BIDDLE CORONA TESTING 
tions are completely eliminated. Univac 
/20 reduces the need tor highly paid 
technical personnel, because it frees en EQUIPMENT 
gineers and mathematicians from calculat 
ing drudgery, lets them concentrate on 
creative work. In addition, Univae /20 
streaks through routine figurework pro . . 
codume: delivers tha tepests you wan For Non-Destructive Evaluation 
when you want them; digs deeper into 
workaday figures, coming up with solu f | } | | : 
lions to management control problems ° E ectrica Insu ation 
and produces large scale survey analyses “ o 
and reports impossible with conventional in Transformers, Cables, Capacitors 
methods, It is capable of 360,000 additions 
or substractions an hour in) the com + | C 
ableen sands, sand 4 Abn deadiballbinidibii ie and Other Electrical Components 
divisions. It automatically verifies every 
internal calculation with no extra pro for ionization starting voltage at 60 cycles 
yram steps or attention from anyone. It 
can even be set up to catch some human lonization, corona and radio noise are synonymous in describing 
recording errors. Copies of this brochure 


the phenomena which occurs when a high voltage gradient applied 
I1M-1010, may be obtained trom Reming 


, to voids in a dielectric cause ionization of the gas in those voids 
ton Rand sales offices in all principal cities 
Che result is electrical disturbance and po ible damage to insula 


or by writing to Remington Rand, Divi 
tion. The Biddle ionization test set offer a decided ady intave in 


ion of Sperry Rand Corporation 15 
Fourth Ave., New York 10, N.Y pract il testing in that it make po ible the grounding of one 


terminal of the component under test 


Pape Recorders, The Magnemite (Regis The set inelude ill nece i connecting lead ind accessory 


tered U.S. Patent Office) series, portable mercury oil terminal for use in testing samples of hielded cabl 


Model | rating °4 KVA at 20 KY. Also available with 5 KVA intes 
mittent rating Write for BULLETIN 66-EE 


battery-operated spring motor magnetic 
tape recorders are illustrated and des 


cribed in a I -page folder available from 


\inplifier Corporation of America I he 


brochure completely describe in detail y.\ E 
features of 15 models, all of which were = E 6. 
1 


especially designed for field application af = 
F — ame eee oe ae ae a ee ae ae a a a 


A variety of single and multispeed models 


are available two three mul = four ELECTRICAL TESTING 
peed) \ complete listing with perform INSTRUMENTS 


ame 


ance characteristics is tabulated for easy e 


J 
| 
p 


reference and to simplify selection, Various l 


| 
! 
| 
| 
mechanical and electrical components are SPEED MEASURING BULLETIN 66-E] 
full described and individually illu INSTRUMENTS ae 
] 


trated, The recorders operating features e 
are concisely explained and complet 


technical specifications as well as direct : LABORATORY & SCIENTIFIC 
fuctory prices are included. The brochure EQUIPMENT 


may be obtained without cost by writing 





to Ampliher Corporation ot America, 598 


jroadway, New York 13, N. ¥ 
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Meter-Relays, VHS Relays, Simplytrol 
C US TO M and Versatrol Automatic Controls, 
Panel Meters and Indicating Pyrometers 
& U | L T 40 PAGE ASSEMBLY PRODUCTS CATALOG 4-A 


Contents include: 


“Circuitry 6 pages of diagrams es, ’ 
ond text, including response time | ei , 
tables and discussion on non-locking se reworn 

. er et 





contacts res R 
of : Ordering information ’ contention 
1 i pee pice Slain celta Amitai 
specifications for ) 
Clear plastic, black bakelite and 
ruggedized-sealed styles of é 
Meter-relays 


° ‘ 


Indic ating meters 








Indicating pyrometers 
VHS Relays Meter-relays provide control 
of mechanical operations or 

Plug-in relays, power supplies chemical processes through 
Automatic pyrometers alarm and automatic shut-off, 
Automatic control packages and or continuous on-off control. 
components Applications include: Bearing 
Bearing monitors temperature alarm and shut- 
off on pumps, turbines, gener- 
Oven pyrometers and millivoltmeters 
ators, Automatic speed controls 
Kiln pyrometers for machines and conveyors. 
Shunts Computer shut-off if power 
Transformers supply voltage varies. Warn- 
ing and control in radiation 
Write for Catalog 4-A, measuring equipment and 
Assembly Products, Inc. processes. Automatic switching 
Chesterland 60, Ohio of standby equipment in micro- 
HAn 41436 wave communications. Continu- 
West t Sox XY ous control of pH. Signal detec- 
tion in redar warning systems, 

Here is an example of the type of equipment we can 


build to specifications for research, laboratory or Booth 3916, IRE Show, March 18-21, Coliseum, N.Y.C 








experimental work. This Acme Electric custom built 

transformer has a primary that can be varied from 

12 volts thru 115 volts, with a frequency range R E S$ U M E S$ 

from 7 cycles thru 60 cycles. Nominal output volt- SCIENTIFIC ENGINEERING TECH- 
» o% ( ‘ 

sestadininness toate NICAL RESUMES OUR SPECIALITY. 


This unit was built for use in connection with high 
Expertly typed, carefully proof-read, attractive layout 
Reproduced by multilith on quality bond papers $4.00 
various types of atmospheric particles. for 50 copies of one page: $5.00 for 100 copies. Postpaid 


voltage electrostatic separation and collection of 


To assist you, additional copies will be reproduced and 

Designing a Dry Type transformer in this voltage 
t distributed to major firms (excluding your present em 

class that provides safe and efficient performance, ployer) at mo cost to you 

is another notable example of Acme Electric trans 

Send for How to Write Your Resume im luding sample 

former engineering guide—$1.50 postpaid 


ONE OR A MILLION — ORVILLE E. ARMSTRONG & CO. 
ACME ELECTRIC CAN MAKE THEM 55 W. 42nd St., Dept. EE, New York 36, N. Y. 


And, if you need high quality constructed trans 











formers in production quantities, we can supply 





luminous tube, stepdown, control transformers, volt TEST DEVELOPMENT ENGINEER 
age adjustors, cold cathode ballasts, WORLD'S LARGEST TRANSFORMER TEST LAB 


them, Television, electronic, oil burner ignition, i: 


’ ELECTRICAL ENGINEER 


To develop test equipment and measurement techniques for power 
ACME ELECTRIC CORPORATION transformers. Experience or training in measurement of radio in 
P fluence, sound level, high voltage surge, low power factor losses, etc 
222 WATER ST CUBA, N.Y. 


West Coast Engineering Laboratories 
1375 W Jefferson Boulevard, Los Angeles, California 
In Canada: Acme Electric Corp. Lid., 50 Northline Rd., Toronto, Ont major electrical manufacturer 
Excellent employe benefits with guaranteed annual salary increases 
Graduate study program available. Send resume to 


WESTINGHOUSE ELECTRIC CORPORATION 
TRANSFORMER DIVISION, SHARON, PENNSYLVANIA 
Mr. P. L. Mayne, Employment Supervisor 2 


Several positions available—recent graduates to senior test en 
gineers. Excellent opportunity to join a newly expanded activity with 


ee tee 

















ENGINEERS 


really smarter? 


Many are the absolute top men in their respective fields. 


Currently, we are actively engaged in the fields of 
Avionics, Missile Guidance, (IRBM), Computers 
(Digital and Analog), Jet Engine Fuel Controls, Land to Air— 


Shore-to-Ship Communication Equipment, ete. 


We are permanently dedicated to RESEARCH and 
DEVELOPMENT in every conceivable field of ELECTRONICS, 


Opportunities for your personal development are unlimited. 
G.M.’s policy of decentralization creates exceptional opportunity 
for individual advancement. Starting wages are hich, 

you work with the finest of equipment on challenging problems 
Construction is already under way for an additional plant 


(225,000 square feet) in an exclusive Milwaukee suburb. 


MASTER’S DEGREE GRADUATE PROGRAM 


AC has worked out a Master’s Degree Graduate Program (evenings) at the 


University of Wisconsin, Milwaukee. AC pays all tuition fees for this program 


Undergraduate programs are also available at Wisconsin, Marquette 


and Milwaukee School of Engineering 
For your future’s sake you too be smart send tor complete 


facts and employment application form to Mr. John F. Heff nger, 


« c Dp 
»Upervisor of Salaried Personnel 


AC THE ELECTRONICS DIVISION 


ieee ‘ 
Milwaukee 2, Wis. Flint 2, Mich. 


ah 
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Send your 
résumé 


Scientists... Engineers 


A message from 


M. A. Schultz, Project Manager 


Westinghouse 
Commercial 
Atomic Power 


“We are developing the first industry-owned, high-powered 
‘Testing Reactor—the Westinghouse Test Reactor. It will enable 
private industry and the government to test materials under 
conditions of high neutron flux, high temperature and high 
pressure 

“Here at CAPA, we are continually pioneering peacetime 
atomic power projects. The Westinghouse Testing Reactor is 
only one of many now under way. Sound interesting’? Why 
not let us tell you more?”’ 


An Experienced, Young, Fast-Growing Team 
CAPA—Commercial Atomic Power Activity—is the most dy 
namic new division at Westinghouse. We're “‘fluid,”’ not fixed 
Supervisory jobs open up fast! 

Our growth curve is bound to be steep—as electric power 
demand and atomic power production pyramid sharply. We're 
entirely commercial—not dependent on government contracts 
Opportunities for advanced study at company expense, Get in 
on the “industry of tomorrow’ today—at Westinghouse CAPA 


Immediate Openings for professionally established men and 
those just starting their careers: Physicists « Physical Chem 
ists « Chemical Engineers « Mechanical Engineers + Electrical 


Engineers « Designers « Metallurgists 


Please mail résumé of your professional and 
business background to: C, S. Southard, West 
inghouse Commercial Atomic Power, Box 355, 
Dept. 114, Pittsburgh 30, Pennsylvania. 


WATCH WESTINGHOUSE! 


FIRST IN ATOMIC POWER 








Electrical 
Engineers 
Designers 


Oltlers you immediate long range engineer- 
ing opportunity in 


San Francisco 


Los Angeles 
California 


Engineers, designers and draftsmen required 
with the following experience: 


Electrical Substation 
Hydro-Electric Power Plant 
Steam Electric Generating 

Station 


Liberal relocation allowances for you and 
your family 
Send Resume to 
Manager of Employment & Placement 
Industrial Relations Division 


BECHTEL 


CORPORATION 
220 Bush Street 
San Francisco 4, Calif. 
For an immediate personal interview you may phone: 
Paul Keating, Murray Hill 7-7100 
New York City 
on Braddick, Fairfax 3-240) Houston, Texas 
ill Milligan, Tucker 1549 Los Angeles, Calif 
Don Palmer, Douglas 2-4032, San Francisco 
Calit 

















Electrical Engineers 
Physicists 


Armour Research Foundation, one 
of the nation’s oldest and largest 
independent research organizations, 
has openings at all levels of experi- 
ence for graduate scientists in Tue- 
son, Arizona or Chicago. Some of 
the areas of particular interest are: 


Communication Systems 
Radar & Radio 

Microwaves 

Antennas & Propagation 
Electronic Countermeasures 
Electronic Components 
Operations Research 
Computer Development 


At the Foundation you advance 
professionally through: 


® Varied & challenging scien- 
tifie work. 
Association with highly com- 
petent research scientists. 
Tuition free graduate study. 
Compensation to match your 
abilities & generous fringe 
benefits. 


Send resume to 
J. A. Metager 
ARMOUR RESEARCH 
FOUNDATION 
of Illinois Institute of Technolog» 
10 W. 35th St. 
Chicago 16, Illinois 
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Portrait of a man’s supersonic alter ego 


The speeds and altitudes achieved by today’s 
aircraft have placed them beyond a human pilot’s 
physical resources. They fly faster than he can think 
decide and react...exert forces beyond his own 
strength or that of old-time hydraulic systems. 

The answer: electro-mechanical colleagues with 
the superhuman reflexes, sensitivity and strength to 
cope with the phenomena of supersonic flight 

At Autonetics. Automatic Pilots are being 
designed and produced that will control a vehicle 
during its mission, referenced by input signals from 
the Pilot, Autonavigation Equipment, and Fire 
Control Systems. These Autopilots are able to con 
trol a vehicle throughout an extreme flight regime 
more pre¢ isely and swiftly than the human pilot 

In addition AUTONETICS has developed an Auto 
matic flare computer integrated with the Autopilot 


for fully 


automatic or semi-automatic landings in 


AUTOMATIC ONTROLS MAN 


1957 leg men 


manned or unmanned vehicles. In the case of 
manned vehicles, flare signals are provided to the 
pilot through the ILS indicator. The flare « omputer 
thus adds all-weather capabilitie sto any vehicle by 
providing a controlled flight path to touchdown 
under the most adverse weather conditions 
AUTONETICS is a quality and quantity produces 
of flight control, autonavigation. armament control 
computer and other complete control systems with 
significant implications for commerce and industry 
or for employment in thi 
roONETICS, Dept. EE-71, 
California 


Autonetics Ai) 


AMERICAN AVIAT 


For more information 
dynamic field—write: At 
12214 Lakewood Blvd., Downey 


A DIVISION OF NORTH 


HAS NEVER evikt 
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Were you promised someone 


to carry your slide rule? 


If you’re a bonus baby at heart, wait for such an 
offer ... the day may come! But if you’re anxious 
to start engineering, you might give some thought 
to our setup. It has unusual advantages. 

First, you'll find Jack & Heintz big enough to 
compete with the biggest—successfully. Big 
enough to offer all facilities for basic research in 
our field—electric systems and components for 
missiles, jets, other aircraft. 


But we're small enough so you’ll be used to the 
full extent of your capabilities—and so rewarded. 
Here, you'll find an engineer is somebody. He’s not 
bogged down with routine. 


May we send you details? A 3¢ stamp gets you 
all the facts, and you just might like our setup. 


Sack & Heinz, inc. 
17523 Broadway « Cleveland |, Ohio 


Please mall me information about the advantages of working for J&H. 
Name 

Address 

City Zone State 

College or University 

lam employed as 

| have the following degrees 


lam a student with the following major 
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DATATRON ae + 
ELECTRONIC DIGITAL COM PUTE 


: ~ 5 Vv 


Advance- a 


' 
ur individual contri- os 


Engineers and 
Mathematicians 
Professional Responsibility, 


ment based on yo 
Salary 18 offered to 


_the fastest growing 
gital Computer 


butions, and Top 
you atk ‘lectroData.. 
manufacturer In the Di 
field. Enjoy suburban living !n Pasadena, 
California; ultra-modern plant facilities 


ina non-industrial area. 


e y ur inquiry wi e€ rict nfidenc 
Writ today. Your nqu tt be held ir strict co d e 


ElectroData 


DIVISION oF aurroven® 
460 N SIERRA MADRE VILL 
PASADENA, CALIFORNIA 














ENGINEERS NEEDED FOR 
RESEARCH AND DEVELOPMENT 
POSITIONS IN THE 


Des'gn of electronic instrumentation for underwater 
ordnance, including high gain ampl fiers, conven- 
tional filters, power amplifiers, oscillators and detec- 
tors in the ultrasonic range 


Analytical and experimental treatment of scientific 
research problems in the fields of hydrodynamics, 
acoustics, electronics, network theory. servomecha 
nisms, mechanics, information theory and no’‘se 
analysis including analogue and digital computations 


Design of transducers, tiindamental problems in un 
derwater acoustics involving transmiss'on, attenua- 
tion, reHection, etc. Problems in sound control and 
noise reduct’on Acoustical aspects of svstems re- 


search including operations research and feasibility 
studies, 


University Faculty Appointments 
Opportunities for Graduate Study 
Liberal Vacation Policies 
Excellent Working Conditions 


THE PENNSYLVANIA STATE UNIVERSITY 
ORDNANCE RESEARCH LABORATORY 
University Park, Pennsylvania 


Send Resume to ARNOLD ADDISON, Personnel Director 








FEBRUARY 1957 








FEBRUARY 1957 


Are You Looking For A Job... Or A Career? 
For A Real Career Position... Read About These 12 Outstanding Openings At 


WES TINGHOUSE-BALTIMORE 


The 12 positions listed below are not just job opportunities — they are permanent 
career positions with an established leader in the electronics field. Westinghouse- 
Baltimore is an engineer’s company — one that respects the engineer and rewards him 
for his contributions. The company’s two new plants offer the very finest modern facili- 
ties and equipment for advanced work on vital projects that challenge the imagination 
and assure steady professional growth. These 12 opportunities may be the chance for 
which you’ve been waiting. Investigate them—and get in on the ground floor of tomor- 
row’s electronic developments — at the rapidly expanding Baltimore Divisions of 


Westinghouse. 


CURRENT OPENINGS EXIST FOR: 


AIRBORNE RADAR SYSTEMS ENGINEERS 

Overseas assignments on a research and development type 
project. An E.E. degree from an accredited college or uni- 
versity with additional training or experience on airborne 
radar systems is desirable. Applicants should be single, or 
willing to spend periods of six months to one year away from 
their families. 


TROPOSPHERIC SCATTER SURVEY ENGINEERS 

To work with the Air Force. Those selected would travel 
considerably here and overseas. The company would provide 
living allowances and salary bonuses for overseas service. 
Applicants should have an E.E. degree from an accredited 
university and two to four years experience with microwave 
communications systems. Additional experience in surveying 
and laying out microwave systems would be helpful. 


ELECTRIC WAVE FILTERS ENGINEERS 

To assist in the design and development of audio, i-f and 
r-f filters, to meet the increasingly difficult requirements of 
modern SSB receivers and transmitters, both high and low 
power, at frequencies up to and including UHF. 


MISSILE RADAR SYSTEMS ENGINEERS 
To do analysis of over-all systems requirements. Must be 
able to translate to block diagram requirements. 


MATHEMATICIANS 

Some radar systems experience is desired, or experience in 
the following related fields Noise analysis, Anti-jamming or 
Electrical Counter Measures, Communications systems, 


MICROWAVE DEVELOPMENT ENGINEERS 

To do development for the functional block diagram state 
to a complete bread board model. Theoretical and practical 
knowledge in the field is desired 


MECHANICAL DESIGN ENGINEERS 


For the mechanical design of X-ray equipment, and for the 
designing of equipment to permit use of isotopes for medical 
treatment while protecting hospital personnel. An M.E. 
degree is required. 


SALES ENGINEERS 

To work with regional sales force on preparation of dia- 
grams of the customers’ organization, knowledge of the 
functions of the various elements, definition of procurement 
cycles, indication of important people and recommendations 
on over-all relations; detailed planning and coordination of 
sales strategy and proposal preparation; direction of contact 
efforts; liaison with Product Planner; and dissemination of 
product information. 


DIGITAL COMPUTER ENGINEERS 

For the extensive application of present and future digital 
techniques to military problems. Applicants with back- 
ground and interest in digital coding, digital programming, 
and in the necessary hardware to implement such systems 
would find immediate application in our present digital work 
and would be expected to originate future digital programs. 


ELECTRONIC TRANSFORMER ENGINEERS 

To assist in the design and development of audio, i-f and 
r-f coils, flea-power to 600 x 10° yv-a, frequencies up to 
1000 MC, both linear and saturable, involving problems of 
balance, shielding, bandwidth, insulation, heat tranafer, wave 
shape, efficiency and regulation. 


COMPONENTS ENGINEERS 

For testing, evaluation and developing reliability programs 
for Electrical Components such as: switches, diodes, triodes, 
tubes, meters, resistors, capacitors, chokes, etc. Applicants 
must be qualified for standardization of components and 
interpretation of military specs 


MISSILES RADAR TEST ENGINEERS 

To design intricate test equipment and assiat in the testing 
and evaluation of developmental missiles target seeker 
systems 


TO APPLY: 


For a confidential interview, send a resume of your education and experience to: 


Dr. J. A. Medwin, Dept. 588 
WESTINGHOUSE ELECTRIC CORPORATION 


P.0.Box 746 + 


Baltimore 3, Maryland 


INGHOUSE-BALTIMORE 


“An Engineer's Company” 
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JEW opportunities at 
MOTOROLA in Phoenix 


/ACATIO 


(your family will love year-round outdoor living) . 


WHILE YOU ADVANCE YOUR CAREER | 


Here are two of the country’s newest and most complete 
Electronic Laboratories; (1) our expanding Military Research 
lab. and (2) our new Semi-Conductor Division. Both offer 
outstanding career advantages... (see listing below). This 
is your opportunity to get in on the ground floor of a swiftly 
expanding company. You'll enjoy working in air conditioned 
comfort in the most modern and well instrumented labora- 
tories with liberal employee benefits, including an attrac- 
tive profit sharing plan and association with men of the 
highest technical competence. 

Salary levels are open and commensurate with ability. 
You'll like working with Motorola in Phoenix, where there's 
room to grow and it’s fun to live. 


MOTOROLA IN PHOENIX HAS OPENINGS FOR: 


Electronic Engineers, Mechanical Engineers, Physicists, 
Metallurgists, and Chemists, in the following categories: 


f 
¥ 


WORK IN A 


Research Laboratory Semi-Conductor Division 


Microwave Antennas Transistor Application 
Transistor Devices 
Solid State Physics 


Physical Chemistry 


Pulse and Video Circuitry 
Radar Systems Design 
Circuit Design 
Electro-Mechanical Devices Metallurgical Engineering 
Systems Test Production Engineering 
Transistor Applications 


DRAFTSMEN 


Transistor Sales Engineering 


Electrical Design and Layout 


for above posttior write to jor above posttions write to; 


Mr. R. Coulter, Dept. O Mr. V. Sorenson, Dept. D 
3102 N. 56th St, 5005 E. McDowell Rd., 
Ariz Phoenix, Ariz 


Excellent opportunities in RIVERSIDE & CHICAGO, too 


RIVERSIDE, CALIF., Exceptional openings in CHICAGO, ILL., Challenging positions in Two- 
Military Operation Analysis, Analog Computor Way Communications, Microwave, Radar and 
Flight Sim: Digital Computor Analysis Military Equipment, Television (Color), Radio 
Microwave Systema, Servo Mechanisms, Missile Engineering, Field Engineering, and Sales 
Systems, Aerophysica Engineering 


Phoenix 


Write to 


Mr. L. B. Wrenn, Dept. D 
4501 Augusta Bivd. 
Chicago 51, til. 


Write to 
Mr. C. Koziol, Dept. D 
P O Box 2072 
Riverside, California 


™ 
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DESIGNERS 
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te 
AS eee 


Sabet sy 
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MAJOR 
J0B 
ADVANTAGES 


now offered by 
DU PONT 


Interesting, challenging, 
professional work assignments. 


Long-range company programs 
assuring stability. 


Promotion-from-within 
policy assuring opportunities 
for advancement. 


Varied technical and 
administrative training 
programs. 


IMMEDIATE OPENINGS FOR: 


HER 


Electrical Designers 


- 
’ 


Apply today for a position that 
will allow you to realize your full 
potential as a designer. Your work 
will be in a wide range of increas- 
ingly important fields. 


eee 
AA t e 
Tip tate 


mg 


rigok bes > = | 


= 9eseew: 


Please send complete reaeume, in- 
cluding details of education and 
experience, to: 


-\- 


Mr. T. J. Donovan 
Engineering Department 


ES 


ad 


os 


i ca 


setter Things for Better Living 


I; 


-«- through Chemistry 


E. |. du Pont de Nemours & Co., Inc. 


Wilmington 98, Delaware 





i) MOTOROLA . 
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NUCLEAR NEWS FROM ATOMICS INTERNATIONAL 


One-man Laboratory Reactor 
designed for industry, hospitals 
and schools— available 

for $55,000* 


A new atomic tool that will speed and 
broaden nuclear research and training 
has been designed and developed by 
ATOMICS INTERNATIONAL. Here is a 
low cost instrument that even a mod- 
erately-budgeted hospital, industrial or 
educational laboratory can use to teach 
and conduct research in nuclear science 


Ihe Laboratory Reactor (LR) is a 
5-watt, solution-type nuclear reactor 
It can be operated and maintained 
one person. It is 8-feet high, 8-feet in 
diameter. Power requirements are 110 
volts at 60 cycles. It is completely fab 
ricated at the factory and shipped as a 
unit—manufactured and installed in 
about 6 months. It has a wide range of 
applications. 


As a laboratory instrument for 
research programs, the LR permits 
qualitative analysis by the neutron acti 
vation method — including measurement 
of coatings on metals, moisture testing, 
and liquid level monitoring. It will pro 
duce more than 100 different radioiso 
topes, about 40 of which have half-lives 
short enough to eliminate the need for 


costly contamination controls and waste 
handimg systems. 


The LR can perform medical research 
functions such as genetic mutation 
studies, tracer research on plants and 
animals, radiation chemistry, and test- 
ing by the danger coefficient method 
Equipped with facilities to conduct sev 
eral experiments simultaneously, the 
reactor is ideally suited as a teaching 
tool in nuclear engineering, nuclear 
physics, radiochemistry and radiobiol 
ogy. The basic behavior of neutron 


chain reactions, response to control ele 


ments, and the effect of delayed neu 
trons are a few of the 40-odd experi 
rnents that can be performed on the 
Laboratory Reactor. 


The core of the reactor is a stainless 
steel sphere with an overhead convec 
tion recombiner. The fuel is uranyl sul 
phate enriched 235. The 


core is enclosed in a 6-inch lead reflec 


uranium 


tor-shield. The complete 3500-pound 
unit— 32” high, 24” wide—is centered 
in an &-foot tank filled with water which 
serves as a biological shield 


The gas recombining system is con 
tained in the core tank 


screen above the core 


A cylindrical 
solution holds 
platinized alumina catalyst pellets 
which recombine hydrogen and oxy 


yen pauses tormed during reactor Oper 
ation. These fission product gases 

valuable in experimental programs 

can be withdrawn from the core throug! 
special gas lines 


The LR operator handles all contro! 
and detection equipment from a con 
trol console adjacent to the reactor 
Iwo cadmium control rods move ver 
tically through the core — driven by 
electric motors manually controlled by 
the operator. The lead-weighted rod 
are attached to an electromagnet which 
releases automatically to let the rods 
fall by gravity into the core and shut 
down the reactor in event @f a scram 


instrumentation provides safety, 
low-cost and flexibility. At startup 
three boron-lined neutron counters are 
fully inserted in detection tubes in the 
water tank. As power level increases 
the operator withdraws the 
Rate circuits 
time constants— provide two % -second 


counters 
adjusted response 


circuit channels for safety and observa 


, 


tion and one 2-second channel for 


accurate power recording. 
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ATOMICS INTERNATIONAL, a divisior 
of North American Aviation, Inc., t 
major reactor builder — experienced 1 
the design, construction and operatio 
of nuclear reactors for research and th 
production of power. If you are inte: 
ested in the LR—or any phase of rea 
ATOMICS INTER? 
rIONAL 1s Staffed and equipped to ser 


tor development 


you. Please write, Director of Technic 
Sales, Dept. EE-71, Aromics INTER 
NATIONAL, P.O. Box 309, Canoga Park 


alifornia. Cable address: Atomic 


ATOMICS INTERNATIONAL 


DIVISION O F NORTH 


PIONEERS IN THI 


AMERI AWN AVIATIO 
CREATIVE USE OF THE 
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Inertial pe SENIOR 
Guidance 


x a Program 


Enjoy Challenging Opportunities in the further development CIRCUIT 


and systems testing of Inertial Guidance Systems and theit 

servo Loops in the most versatile laboratories in the country 
Work with the top men in the field and with the finest ! AND 

test, research and development facilities. New plant being ; 

added in suburban Milwaukee as a part of Major, Permanent, 

Expansion Program 


AC will provide financial assistance towards your Master's \ COMPON ENT 


Degree. A Graduate Program is available evenings at the 


University of Wisconsin, Milwaukee Recent EE, ME 


GM's long-standing policy of decentralization creates in- Graduate 7 APPLICATION 


jividual opportunity and recognition for each Engineer hired. 
eos 
Milws pase offers ideal family liv Inquiries 
ng combining small town hospital ° to 
ty with every metropolitan shopping . Also Invited 
and cultural advantage 
For personal, confidential inter- $12 000 
view in your locality send complete - THE ELECTRONICS DIVISION ’ 
esume to 


Mr. John F. Heffinger GENERAL MOTORS CORPORATION 


Supervisor of Lechmical Employment (QT PM a mea EA aaa ee 
A large electronics organization has 
a need for a specialist in the appli- 





cation of components such as trans 
formers, relays, resistors, capacitors, 
semi-conductors, and rotary equip 
ment for large military electronics 
systems to assure maximum reli 


ability 


COMMUNICATIONS , » as The candidate for this position 
SYSTEMS . ' should have a minimum of six years 
, . — : experience in electronic design and 
ENGINEERS ‘Bey component application He will 
The expanding scope of advanced ’ e + serve in a consult ng capacity with 
communications projects has pec emphasis on technical suitability 
created several unique positions f and circuit application of special 
in fields related to VHF, UHF, 's components 
Sees teeenateeee aa He should be able to counsel and 
single sideband applications * guide young engineers lacking 
at Hoffman. Electronics engineers é broad technical experience. He 
with appropriate backgrounds will a must have the ability to deal ef 
find these new assignments profes- aa fectively with vendors and engineer 
sionally stimulating and financially c. ing project groups and must take 
rewarding. Please address Vice 


p an active part in industrial and pro 
resident of Engineering: 


fessional symposiums, exhibitions 
and committees to encourage the 
LABORATORIES, INC. ey development of component parts 
A SUBSIDIARY OF HOFFMAN ELECTRONICS CoRP. & ' and their applications 

3761 South Hill St., Los Angeles 7, Calif. - , 
Telephone : Richmond 9-4831. ~~ Please send resume indicating edu 
cation and experience to Box #522, 
ELECTRICAL ENGINEERING, 33 W. 
39th St., NEW YORK 18, N.Y. 
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How to make the most 
of your engineering career 


ONE OF A SERIES 


go where 


research 


gives you plenty 


Many things can help—or hinder— 
of Seru ice your ovis te euliiiion One 


Please mention ELECTRICAL ENGINEERING when 


such is the kind of research available in 
the company you join, 


This, by no coincidence at all, is another 
area in which Boeing can be of real help to 
you. Boeing backs its engineers with one of 
the most extensive arrays of research 
laboratories in the industry. In addition, 
electronic computing and data processing 
equipment gets you the answers you want- 
fast. So do such facilities as the huge Boeing 
Flight Test Center. And the Boeing wind 
tunnel, most complete and versatile privately 
owned tunnel in America. This outstanding 
facility, capable of velocities up to Mach 4, is 
at the full-time disposal of Boeing engineers 
it has enabled Boeing to gain more wind 
tunnel time in the field of jet aircraft 

than any other company. 


These facilities help Boeing engineers 
maintain leadership in advanced fields of 
flight. They help Boeing research engineers 
and scientists extend the boundaries of 
knowledge in many fields. They could 
help you get ahead. 


At Boeing you'd enjoy many other 
advantages; a high starting salary, career 
stability, a liberal retirement plan and 
company-paid graduate study programs. 
There are family advantages too; a choice 
of three sections of the country, each with 
excellent housing and schools, shopping 
centers and abundant recreation 

facilities for the whole family! 


SIOEMN Ge 


Today take a step toward career progress 


fill in the coupon and mail it—now! 


JOHN C. SANDERS, Engineering Personnel 
Administrator Boeing Airplane Co., 
Dept. E.60, Seattle 24, Wash 


FRED B. WALLACE, Chief Personnel Engineer 
Boeing Airplane Co., Dept. E.60, Wichita 1, Kansos 
H. A. MILLIGAN, Supervisor, Engineering 
Personnel Boeing Airplane Co., Dept. £-60, 
27" New Haven Avenue, Melbourne, Florida 
Mail this coupon to the address above from 
which you desire further information about the 
advantages of a career with Boeing 


Name 

School (s) ( Degree (+ 
Address 

City lone State 
Telephone number 


Soc. Sec. No 
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IN THE FIELD 
OF ELECTRONICS 
THE GOOSE HANGS HIGH! 


In the development of guidance and telemetering systems 
for the research vehicles of outer space, the challenge is great 
and the ceiling is infinity. 

Today, Martin has more exciting opportunities to offer 
the electronics engineer than any other company in the world 
of flight systems development. 

I'yom the Martin P6M to the VANGUARD series of satellite 
launching vehicles to the first Moon rocket (already beyond 
the talking stage), the goose hangs high. 

If you’re “hunting,” contact J. M. Hollyday, Dept. EE-2, 


The Glenn L. Martin Company, Baltimore 3, Maryland. 


|S Sa 289° eee ama mae 
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ENGINEERS 


OPPORTUNITIES 
B-u-L-0-V-A 


Famous for Precision Manufactaring 
@ PROJECT ENGINEERS 
@ DESIGN ENGINEERS 


High-volume production of small precision 
electro-mechanical devices, such as m ero- 
relays shavers, motion-picture cameras, 
missile components, and fractional H.P. 
motors 


+ Compensation commensarate 
with experience. 


+ Liberal employee benefits 
+ Special aids to edecation 


Telephone for appointment, or 


ubmit confidential resume to 


BULOVA 


WATCH COMPANY, _ INC. 
BULOVA PARK, FLUSHING 70, N. Y. 
Att: Mr. David A. Brown 
DEtfender 5-6000 





MECHANICAL 
SPECIALIST 


capable of independent 


design and development work 


Now open at the Light Military Ele 
tronic Equipment Dept f Gt a higt 
level position for 1 mechanical engineer 


whose individual creat ets him apar 


in his field 


This man ou 
desig for 


High salary 
Utica, an 


York resor 


y im midence t 
Mr, John Sternberg, Dept 


Light Military Electronic Equipment Dept 


GENERAL @® ELECTRIC 


French Road, Utica, N.Y. 
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SENIOR TELEMETRY ENGINEER 


Capable of planning and monitoring require- 
ments of telemetering problems associated with 


In Hngineering the missiles programs. 


SENIOR ENGINEER 


Analog Computers 
Should be thoroughly familiar with up-to-date 


BHST OPPORTUNITIES 


analog equipment and methods; capable of plan 
ning simulated programs involving electronic 
analog methods and equipment. 


ENGINEER and SENIOR ENGINEER 


Operations Research 


are in 


Should be experienced in applied methods, either 
military requirements or market analysis. 


SENIOR DESIGN ENGINEER 


. Vv J L VT" if () N Guidance Systems Design 
eo Capable of designing and evaluating for com- 


plex guidance systems and techniques as used in 
advanced missiles systems. Experience in elec- 
tronics, inertia, radio command, infra-red forms 


of guidance equipment desirable. 


In Aviation the ENGINEER and SENIOR ENGINEER 


RH and Antenna Design 
Experienced in UHF and microwave techniques 


and antenna design. 


BEST OPPORTUNITIES 


MR. JOE RUSSELL, Engineering Personnel 
Dept. 170-B, Room 1, Temco Aircraft Corp 


are at Box 6191, Dallas, Texas 


Please send me complete details of the Temco story of 


unusual opportunities for creative engineers. | am especially 
interested in 

Name 

Address 


AIRCRAFT CORPORATION e DALLAS 


' 
i 
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THE 
APPLIED RESEARCH LABORATORY 
of the 
UNITED STATES STEEL CORPORATION 


MONROEVILLE, PENNSYLVANIA 










has challenging career opportunities for 





ELECTRICAL AND ELECTRONIC ENGINEERS 






Specific activities include: special circuit design, applications of in- 





dustrial television, automatic product inspection, servo-mechanisms, re- 





mote controls, magnetic memory techniques, electronic control systems, 





analog computers, logic designs, infrared and ultra-violet devices, flame 





and fuel controls, data reduction and handling. Work includes experi- 





mental and analytical studies, development of original designs, model 





building and testing, liaison with plant engineering and operating groups, 





and cooperative work with outside agencies and equipment manufacturers. 





Salary will be based upon education and experience, with opportunities 





for advancement in research specialization or technical administration. 
Ph.D., M.S., and B.S. levels are required. 







If this type of work appeals to you, think of these advantages: 





“Modern laboratory facilities with a campus atmosphere 





*Proximity to the city of Pittsburgh provides choice of 
urban or rural living 






*The opportunity to obtain advanced degrees at one of 
Pittsburgh’s leading universities 





*The employment stability afforded by the world’s largest 
steel producer 








Phone collect, wire, or write 





Mr. O. E. Romig, Assistant Director, 


Applied Research Laboratory, United States Steel Corporation 
Monroeville, Pennsylvania 












ENGINEERING 
SOCIETIES 
PERSONNEL 
SERVICE, INC. 


(Agency) 







New York 
8 West 40th St 84 East Randolph St 


Chicago 


San Francisco 
57 Post St 





Detroit 


100 Farnsworth Ave 








This placement service Is sponsored by 
the Four Founder Societies for its mem>ers. 
Why not make use of it? It is operated as 
© nonprofit organization end the applicant, 
if placed aos a result of these listings, 
agrees to pay a fee at the rates listed by 
the Service. All rep ies shovid be addressed 
to the key numbers indicated and mailed 
to the New York office. Please enclose six 
cents in postage to cover cost of mailing 
and return of application 





Two weekly bulletins of gi Ing po 





sitions open, one covering positions on the 
Pacific Coast and the other covering Mid- 
western and East Coast positions, are pub- 
lished and each is availaie to members at 
o subscription rate of $3.50 per quarter or 
$1200 per annum, and to nonmembers at 
$4.50 per quarter or $14.00 per annum 


















Positions Available 


STAFF ENGINEER, graduate electrical, 26-35, to hand 
electrical problems associated with plant engineering 
Must have etrong mechanical background in order t 
develop competency for complete machine design of 
special purpose machine tools and process equipment 
with particular emphasis on the associated electrica 
und hydraulie controle necessary for automation. Salar 
open. Location, Pennsylvania. W-4031 


CHIEF DEVELOPMENT ENGINEER, electronics, ¢ 
take charge of the development of electronic instrument 
work on tempereture pressure, liquid flow, recording 
instruments. Salary, $10,000-$15,000 a year. Locatior 
New York State. W-4039 


ENGINEERING WRITERS, engineering degree, prefer 


ably electrical; previous writing experience desirable 
acquaintance with military handbook specifications de 
sirable Writers needed for creation of instructior 
books, for complex military electronic equipment and 





fer editing technical reports, proposals and brochures 





Field of work concerns radar, communications, missile 
control, data handling and other electronic equipment 


Location, Maryland. W-4115-D 


DESIGN ENGINEER, electrical graduate, young, for « 
small manufacturer of magnetic cores. Will direct elex 
trical program including design of electronic test equig 
ment for magnetic components, Excellent opportunity 
Apply by letter giving education, full work history, age 
best earnings. Location, vicinity of Washington, D. C 
W 4230 


CHIEF DEVELOPMENT ENGINEER, 35-45, mechanica 
or electrical engineering degree or both, with at leas 
five years’ eclectro-mechanical experience in developmer 
engineering, in @ supervisory capacity, including re 
sponsibility for administering and directing a Develop 
ment Engineering Department, product design and re 
design, new product development. Long established cow 


pany in the durable consumer goods field, as well a+ 






engineered components and sub-assemblies made 

industrial customers’ specifications, i.e., clocks, timing 
: 

mec! anisms and the like. Salary open. Location, New 


England, W-4231 


ELECTRICAL ENGINEER for development work to 
a small instrument manufacturer, preferably with « 
theoretical and mathematical background in transier 
analysis and experience in high voltage phenomena as 
it applies to dielectrics. Location, Philadelphia, , 

W 4235. 





ELECTRICAL ENGINEER, 26-42, graduate, with major 
in electronica, with one to five years’ experience, t 
lay out cireuits and improve same; understand the usage 
of transistors; work in development of circuits ané4 
other components of amplifiers. Salary, $9000 a yem 
and up. Location, Westchester County, N.Y. W-4251/a) 


(Continued on page 98 1) 
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Electrical engineers 
ENGINEERS FOR IMMEDIATE PLACEMENT 9 M*cvenss! snsinesr 
Computer engineers 


Solid-state physicists 
ENGINEERING AT NCR MEANS: 


IMMEDIATE, PERMANENT POSITIONS in Mechanical Engineering, Electrical Engineering and Physics 
Research Division. 

ENGINEERING PROJECT WORK in Adding Machines, Cash Registers, Accounting Machines, Computers and 
related Data Processing Equipment in Dayton, Los Angeles and Ithaca, New York. 


OPPORTUNITIES IN DESIGN, development, production-engineering and packaging of mechanical, electronic 
and electro-mechanical devices. 

SOME EXPERIENCE IN DEVELOPMENT, design and application of high-speed, light-weight mechanisms of 
the intermittent-motion type—or experience in digital devices and components is desirable, but not essential. 
AMPLE TRAINING and orientation is available to all employees. 


ENGINEERS 


AS AN NCR ENGINEER, YOU WITH YOUR FAMILY, WILL ENJOY: 


UNLIMITED OPPORTUNITY in the broad, ever-expanding field of Business Machine Engineering and Research. 
AN EXCELLENT SALARY, plus exceptional benefits of lifetime value for you and your family. 


A RECREATIONAL PROGRAM for year-round enjoyment for the entire family, including a new NCR Country 
Club with 36 holes of golf, and a 166-acre employees’ park for outings with swimming, boating and supervised 
play for children. 


LIVING IN DAYTON— an attractive, progressive city with outstanding school facilities. 


YOUR WORK AT NCR with its friendly, family atmosphere, where you work with people who, like yourself, 
have decided to build their professional future with NCR. 


Send resume of 
R your education, experience 
ACT AT ONCE and paneeeey preference to: 


Employment Department, 


Professional Personnel Section 3 


THE NATIONAL CASH REGISTER COMPANY « DAYTON 9 © OHIO 
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ENGINEERS, EE-ME 


Have you been looking tor an opportunity to 
jo creative work in a smal) group responsible 


now for torward-looking programs? 
' 


General Electric's Radio Receiver Department 
now offers you the chance to develop new tech 
a a man niques and circuit applications for existing and 
new products that will reach the consumer 


market in to cars 


product If you ve had up to 4 years experience in mass 


produced consumer goods—or related training 

then your Opportunity for professional ad- 

develo ment vancement begins here. You'll start with a new 
p S-man team, now forming, and will receive the 

training you need to fit into our expanding 

program and advance your protessional career 


team 


P from our promotion from-within policy plus 
Ma s pe arhead creative the numerous other personal and professional 
idvantage including our FULL TUITION 
REFUND PLAN for graduate studies 


i G-E engincer, you will naturally benefit 


program in Consumer 
Product Department 


You'll also like living in friendly Utica, famed 
CITIZENSHIP for its wealth of all-season sports and recrea 
NOT REQUIRED tion facilitie 


your resume Mr. R. P. Stitt 


vfidence 10 RADIO RECEIVER DEPARTMENT 


GENERAL @@ ELECTRIC 


869 Broad Street, Utica, N. Y 

















Wqp 1 THE ENGINEERING ABILITY eee 


; 9 
a i HAVE THE ENGINEERING FUTURE 
a 9 


your ability and the opportunities only a 


Great combination 
pioneer and leader in commercial electronics can offer! Join this 
team of creative-minded engineers and your ability wins first the 
recognition and then the responsibility it deserves in a small-group 


engineering organization 


The future looks practically limitless, speaking from our position 
today in the vanguard of precedent-shattering electronics develop- 
ments. Current and appealing openings exist in 
Scientific and Industrial Equipment 
Sound Products 
Communications 


Data Handling and Computers 
Broadcast Equipment 


Attractive salaries to. start advancement on merit. Liberal 


company-paid benefits make your future even more secure 
Senior or Junior EE’s or ME’s.. . men who will accept no measure- 


ments for their future except their own achievements you are 





invited to send a complete resume to Box 523 
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The Jet Propulsion Labora- 
tory is a stable research and 
development center located 
north of Pasadena in the 
foothills of the San Gabriel 
mountains. Covering an 80 
acre area and employing 
1600 people, it is close to 
attractive residential areas. 


The Laboratory is staffed by 
the California Institute of 
Technology and develops its 
many projects in basic re- 
search under contract with 
the U.S. Government. 


Opportunities open to quali- 


fied engineers of U.S. citizen 
ship. Inquiries now invited. 


ARE NOW AVAILABLE 


FEBRUARY 








IMPORTANT ACHIEVEMENTS AT JPL 


Development of the Sergeant 


Announced as a successor to the Corporal 
is another highly accurate surface-to-surface 
ballistic missile named ‘‘The Sergeant." This 
weapon will continue the United States 
Army's advance in the development of 
mobile firepower 

The latest techniques in guidance, air 
frame design and rocket propulsion are 
being applied to the development of this rug 
ged weapon which is capable of operating in 
any area. 

The Jet Propulsion Laboratory, designer of 
this new missile, has the same prime tech 
nical responsibility to provide the devel 
opment of the complete Sergeant system 


as it had for the Corporal weapon system 

In addition to weapon development the 
‘Lab”’ carries on supporting research in all 
areas related to guided missile work. These 
supporting research and weapon develop 
ment activities complement and extend each 
other to produce superior end results 

This fact, coupled with ideal facilities and 
working conditions at JPL, is a prime attrac 
tion for scientists and engineers of unusual 
ability because of their close integration with 
such vital programs. At the same time, other 
varied and interesting activities in weapon 
development are providing new challenges 


and openings for qualified people 





IN ALL FIELDS OF ENGINEERING AND THE PHYSICAL SCIENCES 
COMPUTERS * APPLIED MATHEMATICS * DATA HANDLING * INSTRUMENTATION 
APPLIED PHYSICS * TELEMETERING * RADIO AND INERTIAL GUIDANCE * GUIDANCE ANALYSIS 
SYSTEMS ANALYSIS * ELECTRO-MECHANICAL + MICROWAVES * PACKAGING 
MECHANICAL ENGINEERING * AERONAUTICS * MECHANICAL * STRUCTURES *-BYNAMICS 
PROPULSION * APPLIED MECHANICS + INERTIAL ELEMENTS * METALLURGY 
CERAMICS © SOLID STATE PHYSICS * OPERATIONS RESEARCH 





JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA 


PASADENA 


INSTITUTE OF TECHNOLOGY 
CALIFORNIA 
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To the engineer who likes 


to blaze neu trails... 





> Creat engineering advances are 
now taking place in America, 
and The Garrett Corporation is 
playing a vital part in making 
them possible. 

Reason for our important role 
is the forward looking approach 
of our engineers, who develop 
new solutions for industry as 
needed. If stimulating assign- 
ments and recognition are what 
you’re looking for, you'll enjoy 
working with us. And if you like 
pleasant living, too, our plants 

are located in the most desirable 
areas in America. 
All modern U.S. and many 


Six inch long compressor- 
turbine assembly in a midget 
AiResearch air expansion 
refrigeration unit which 
operates at 100,000 r.p.m., can 
drop temperature more than 
600° F. in a second, 


foreign aircraft are Garrett 
equipped. We have pioneered 
such fields as refrigeration 
systems, pneumatic valves and 
controls, temperature controls, 
cabin air compressors, turbine 
motors, gas turbine engines, 
cabin pressure controls, heat 
transfer equipment, electro- 
mechanical equipment, elec- 
tronic computers and controls. 
We are seeking engineers in 
all categories to help us advance 
our knowledge in these and other 
fields. Send resume of your edu- 
cation and experience today to: 


Mr. G. D. Bradley 


THE CORPOHATION 


9861 S. SEPULVEDA BLVO., LOS ANGELES 46, CALIFORNIA 


OIlVISIONS 


AIRESEARCH MANUFACTURING, LOS ANGELES * AIRESEARCH MANUFACTURING, PHOENIX 


AIRESEARCH INDUSTRIAL * REX * AERO ENGINEERING 


AIRSUPPLY * AIR CRUISERS * AIRESEARCH AVIATION SERVICE 








ELECTRO- 
MAGNETICS 


GM 
INERTIAL GUIDANCE 
SYSTEM PROGRAM 


ELECTRONICS DIV., 


Milwaukee 2, Wis. 
Flint 2, Mich. 
We seek one qualified, 
graduate engineer for 


COMPONENT DESIGN 
and DEVELOPMENT 


Desirable experience and background 
would be the design and development of 
magnetic amplifiers, pick offs and special 
motors. 

We are engaged in a Major, Perma- 
nent, Expansion Program and can offer 
the right man a top starting salary with 
virtually unlimited opportunity for ad- 
vancement. New plant facilities under way 
in suburban Milwaukee. 

AC has arranged a Master’s Degree 
Program, available evenings, University 
of Wisconsin, Milwaukee. AND AC pays 
ALL tuition expenses! 

GM's Electronic Division's aggressive 
position in the field of manufacture and 
GM's long standing policy of decentrali- 
zation creates individual opportunity for 
every Engineer hired. 

Your family, too, will enjoy Milwau- 
kee. We have the cultural and shopping 
advantages of the big city in a community 
famous for its small town hospitality. Our 
housing is what you have always wanted— 
good, solid family living. 

To arrange personal, confidential in- 
terview in your locality send full facts 
about yourself today to 


Mr. John F. Heffinger 
AC) Svperviser of Technical Employment 


Electronics Div. 


General Motors Corp. 
FLINT 2, MICHIGAN 
MILWAUKEE 2, WISCONSIN 
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Electronics Engineers— 


Chart your personal and professional growth 
with STROMBERG-CARLSON 


Your growth curve in Stromberg-Carlson’s booming Electronics 
Division goes steadily—and rapidly—upward. Here’s why: 


1. The company itself is one of the “hottest” in the electronics 
industry today. 

. Three-times expansion of the Electronics Division means 
rapid advancement for you right from the start. 
Liberal management attitudes encourage your own initia- 
tive ... your ideas don’t get lost in the shuffle. 


In addition to opportunities for personal and professional 

growth, we offer challenging, interesting work. Check this list 

of assignments to see where you fit best: 

Components and Field Engineering Communication Systems 
Specifications Microwave Circuits Missile Guidance Systems 

Countermeasures Navigational Systems Sales Engineering 

Data Systems Radar Systems Test Equipment 

Digital Techniques Transistor Engineering Writers—Technical 


Send your letter or resumé now to 
R. W. Hotmes, Electronics Engineering 


STROMBERG-CARLSON COMPANY GD 


ENERAL IYNAMICE IR PORATION 
Zz - 
‘, f 


20 Carlson Road, Rochester 3, N. Y. : 


ROCHESTER... 
a great place to live 


New Community War Memorial is the scene of ma 
jor league sports, ice shows and other spectacies 


es 


Nearby lakes provide outstanding facilities for 
boating, swimming, fishing and other water sports 


University of Rochester is among the country’s 
finest institutions, as are the city’s public and 
private primary and secondary schools 
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P rofessional Engineering 


irectory 


Protessional Engineering Directory Card 1” or 2” 12 times $160.00 





BLACK & VEATCH 


Consulting Engineers 


Electricity —-Water—Sewage—Industry 
Reports. Design, Supervision of 
Construction, Investigations, Valuation 
and Rates 

1500 Meadow Lake Parkway 
Kansas City 14, Missouri 


HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 


Design. Development and Manufacture 
of Transformers, Chokes, Etc. 


or the 
Electronics, Industrial and Allied Fields 


90 Magnolia St., Westbury, L.L, N.Y. 
WE.7-2933 


MINER and MINER 


Consulting Engineers 
Incorporated 


Greeley Colorado 








DeLEUW, CATHER &6 COMPANY 
Consulting Engineers 
Transportation, Public Transit and 
Industrial Problems 
Industrial Plantse—Grade Separations 
Railroads Subways—Expresseways 
Tunnelse—Power Plantse—Municipal Works 


150 N. Wacker Drive, CHICAGO 6, Il. 
79 McAllister St., SAN FRANCISCO 2, Cal. 


INTERNATIONAL 
ENGINEERING COMPANY, INC. 
Engineers 
Investigations—Reports—Design 
Procurement—Field Engineering 

Domestic and Foreiga—— 
74 New Montgomery &t., 
San Francisco 5, Calif. 


Consult 


Z. H. POLACHEK 


Registered Patent Attorney 


1234 BROADWAY 
(At 3ist St.) 
New York 1, N.Y. 


PHONE 
LO. 5-3088 








Electrical Testing 
Laboratories, Inc. 


Electrical, mechanical, photometric, ra- 
diometric and chemical laboratories. 
rendering testing. research and associ 
ated services, including certification. 
inspections at factories and tield 
investigations. 


2 East End Avenue at 79th St., New York 21 


JACKSON & MORELAND, INC. 


Engineers and Consultants 
Design and Supervision of Construction 
Reports—Examinations—Appraisals 


Machine Design—Technical Publications 
BOSTON NEW YORE 


FRANCIS W. RINGER 
ASSOCIATES 
Consulting Corrosion Engineer 


7 Hampden Ave. MOhawk 4-2863 
Narberth (Suburban Phila.) Pa. 








TRANSISTOR ENGINEERING 
S. Moskowitz D.D. Grieg N. J. Gottiried 
Product Transistorization, Complete Serv 
ice in consulting. research, development 
and production on transistor circuitry, 
products and instruments. 


Electronic Research Associates, Inc. 
67 East Center Street. Nutley. N.J. 
NUtley 2-5410 


THE KULJIAN CORPORATION 


Engineers « Constuctors « Consultants 


POWER PLANT SPECIALISTS 
(Steam. Hydro, Diesel) 


Utility « Industrial « Chemical 
1200NO. BROADST., PHILADELPHIA21. PA. 


SANDERSON & PORTER 
CONSTRUCTION 


REPORTS SURVEYS 
New York New York 








ELLMANN ENGINEERING CO. 


Designer and Manufacturer of Electrical 
Signals and Fire Alarm Systems 
P.O. Box 3627 
Washington 7, D.C. 








PETER F. LOFTUS CORPORATION 


Design and Consulting Engineers 


Electrical *¢ Mechanical 
Structural ¢ Civil 


« ta, C4 Thermodynamic ¢ Architectural 
Hi set 


FIRST NATIONAL BANK BUILDING 


Pittsburg 22, Pennsylvania 








SARGENT & LUNDY 
ENGINEERS 


140 South Dearborn Street 
CHICAGO, ILLINOIS 








FREDERICK RESEARCH CORP. 
BETHESDA 14 MARYLAND 

Tel: Washington. D. C.. OLiver 4-5897 
Research Studies. Evaluations, Specitica- 
tions. Development. Engineering, Proto 
type Manutacture, Technical ne 

ratting Art Work Ofteet Printing—In 
tieilde related to Electronics Test Equi 
ment. Radio Interference. 
Tuners and Circuits Missiles. Electro- 
mechanical Systeme and Components 











MEASUREMENTS CORP. 


RESEARCH 6&6 MANUFACTURING 
ENGINEERS 


Harry W. Houck Martial A. Honnell 
Specialists in the Design and 
Development of 
Electronic Test Instruments 


Boonton, N. J. 








The J. G. WHITE 
Engineering Corporation 
Design—Construction— Reports— 

Appraisals 


80 Bread Street NEW YORE 
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Wanted! 


Engineers to sign on for one of the most 
exciting scientific expeditions of our time: 


The SM-64 Navaho Missile 


The men behind this invitation are pioneers in missile 
development. Ten years ago they started from scratch. 
There were no texts to consult, no rules to follow. 
Today their technological achievements are so great 
... their jobs so broad... there is room at every level 
of engineering for additional mindpower. 

Accept this challenge and you can travel faster and 


DOUGLAS K. BAILEY received 
his BS degree from the Univer- 
sity of California. He joined 
North American ten years ago 
as a senior design engineer 
Today he is chief, Missile De 
sign Section — responsible for 
missile design engineering and 
analysis. Doug and his family 
live in Long Beach where he 
participates in golf, bowling and 
sports car activities. He is cur 
rently organizing road races in 
Southern California for the Long 
Beach MG Club 


farther than you ever thought 
possible on one of the most 
important programs in the 
North 
American’s complete wea 
pons system responsibility 
for the Air Force SM-64 
Navaho Intercontinental 
Strategic Guided Missile. 
Unprecedented programs 
have been completed and 
more are to come. Others are 


free world today 


being developed, modified 
and perfected as we enter an 
other exciting phase follow 
ing a successful flight test 
program at Patrick Air Force 
Base using a test vehicle 
known as the X-10 

Ihe fascinating nature of 
this work has already at- 


and newest alloys 


tracted the world’s best ir 
formed missile men. lop-tie: 
men have opportunities in 
almost every field of eng 
neering — including some o! 
the most advanced work 
being done today in aerody 
namics, thermodynamics 
high temperature materials 
and aero-elasticity. 

Solving these problems | 
bringing forth new formulae 
and new production tech 
niques. One example ts Chem 
Mill, the process of shaping 
metals — including titanium 


to previously unattainable designs by 


chemical etching. This method reduces weight. .. in 


creases strength. The idea came from a North American 


Navy vet GEORGE W. JEFFS 
earned both his BSAE and MSAE 
from the University of Washing 
ton. About 9 years ago he 
started his professional career 
with North American as a junior 
aerodynamics engineer. Now, 5 
promotions later, this 30-year 
old veteran of missile work is 
chief, Advanced Design Section 
He lives in Downey, California 
with his wife and 3 children 
His hobbies include fresh-water 
fishing and hunting for quail 
and pheasant 


Missile engineer 

This is the kind of oppor 
tunity open to you. You can 
share our knowledge and add 
to it. 

Recent graduate engineer 
can step into established 
groups. Experienced men wil! 
find even greater opportun) 
ties in the new groups that 
are being formed. And you'll 
do this in a management cli 
mate that stimulates persona! 
growth and rewards it with 
responsibility, professional! 
recognition and material ben 
efits. Further, you can con 
tinue your studies with the 
aid of North American's Edu 
cational Refund Plan.. . liv 
and work in Southern Califor 
nia in near-ideal climate 


Let us know what kind of creative engineering interest 


you. (Please include highlights of your education and 


experience. ) 


Write today to: Mr. R. L. Cunningham, Engineering Personnel Manager, Dept. 91- 2EE 


Missile Development Division 


12214 Lakewood Bivd., Downey, California 


NORTH AMERICAN AVIATION, INC. 
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SYSTEMS 
ENGINEERS 


LIBRASCOPE offers outstanding opportunities to 
“career” engineers in military and industrial projects, 
involving the design of fire control systems, analog- 
digital computers, transistor and servomechanisms 
components — packages and many other categories, 
some of which are listed below. Fields of concentra- 
tion include mechanics, optics, electronics, magnetics. 


DO YOU QUALIFY FOR THESE 
IMMEDIATE OPENINGS? 


AIRBORNE ELECTRONICS 

EQUIPMENT ENGINEER ENGINEER 

Experienced digital computer Project Mer. to design, de 

engineer, BA or BS in Physics velop and check out circuitry 
Experience in mag in ervomechanisms and 
t tor techniques | instrumentation. EE or equiv 

desirable Transistor and/or mag. amps 
experience desirable 


(Continued from page 98A) 


Personnel Service, Inc. 


INDUSTRIAL SALES ENGINEER. graduate electrical, 
with a technical knowledge of electronics and experi 
ence in selling to manulacturers oud wscte of electeival 
equipment, Salary, plus commissnon, Company pays 
placement fee. Territory, Philadelphia, Maitimore and 
Washington area. W-4131 


PLANT ENGINEER, electrical of mechanical engineer 
ing training, with printing press of eration aud jinstalla- 
tiem experience, including elocitnal equipment and 
controls. Some traveling. >alar S000 $10,000 «a year 
Lecativa, New York, N. Y. W-4439, 


NOTE: Closing date for material to be set in 
the classified advertising column, os well as 
cancellations for running ads, must be received 
not later than the twenty-fifth of the second 
month preceding; i.e., November 25th for the 


January issue. 











ENGINEER TO WRITE 
PROPOSALS 
BS in math, physics or Engr 
To prepare proposals on mill 
tary equip, Fire control and 
guidance ¢s tems, analog or 
igital computers. Extensive 
experience brings top pay 


SENIOR 

ENGINEER 

With EE to do analyses of 
airborne systems. Must have 
2 yrs. systems analysis expe 
rience in digital computers 
ability to write military pro 
posals, and to work out math 
for computer processing 


| 
| 

| 

| 
{-— 
| 

| 

| 

| 

| 
{-- 
| 


SHIPBOARD 

EQUIPMENT ENGINEER 
Assist in proposal prepara 
tion for shipboard computing 
systems & components. EE 
or Physicist. Experienced in 
sonar, anti-sub fire control 
analog or digital computers 
Navy background preferred 


MECHANICAL 
ENGINEER 

Experience in electro-mechan 
ical design to take charge of 
mech. designs in electronics 
packages. ME degree or equiv 
Experience with servos or op 
tical applications desirable 


Join a well-established firm with the “young 
where each individual 


man’s’’ viewpoint 


works closely with management 


stays with 


his project from start to finish. Excellent 
pay, subsidiary benefits. Relocation assistance 
Contact Don Webster, Chief Engineer. 


— 


A @vUSBIDIARY OF 


GENERAL FRECIGION EQUIPMENT CORPORATION 


LIBRASCOPE, INC.: 808 WESTERN AVE.- GLENDALE, CALIFORNIA 
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ELECTRICAL ENCINEFRRS, (a) Apparatus Design Eo 
gineer, electrical graduate with two te four years” 
exverionce in the design and layout of high voltage 
outdo electrical ewitehes of tuses: will consider an 
electrical engineet with two to four sears desien ex 
perience in any power equipment. Salary, #6000.§7500 
a yeat. (hd Senion Engineers, Apparatus Design, grad 
wate electrical, with four to seven vears’ experience ia 
the design of outdoor high voltage fuses of switches 
Salary, $6900 $0700) a sear. fe) Supervisor, Apparatus 
Design Group, electrwal graduate, with seven te ten 
yeare eaperionve in the design of clectrival apparatus 
Salary, $7800-890) a sear Company pays placement 
fees. Lovation, Georgia. W-4444 








cs ™~ 

| Symposium on 

Research and 
Education 


Special Publication S-82 com- 
prises of four papers that were 
presented at the AIEE Winter 
General Meeting, New York, 
N. Y., February 2, 1956, and is 
sponsored by the AIEE Commit- 
tee on Research and Education. 
The papers deal mainly with the 
problems of the utilities and 
the industry in general in at- 
tracting young engineers into 
the field. 

The price is $1.60 ($0.80 to 
AIEE members). Available from: 


Order Department 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 


33 West 39th Street 
New York 18, N. Y. 


N aad 
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Help develop the world’s first 
nuclear powered fleet 


The U.S.S. Nautilus, the first outstanding application 
of nuclear power to naval vessels, has demonstrated 
the potentialities for a modern, streamlined fleet 
which could cruise at high speed without the restric- 
tions of frequent refueling. As the pioneer in nuclear 
power, the Westinghouse Bettis Plant in Pittsburgh 
is playing a leading role in producing power reactors 
for this nuclear fleet. Not only are Bettis engineers 
now developing more advanced reactors for sub- 
marines, but they are also pioneering nuclear reactors 
for a guided missile light cruiser and an atomic air- 
craft carrier. 

Much of the technology used to harness the atom 
for nuclear propulsion is being developed for the 
first time. Our growth to date must be continued by 
creative engineers who enjoy the challenge of new 
technological advancement. 

ELECTRICAL ENGINEERS are needed to design 


and develop instrumentation and circuitry which can 
measure temperature, fluid flow, and neutron flux 


inside the reactor and auxiliary components. Oppor- 
tunities range from the design and application of 
control systems for the reactors to the non-descrip- 
tive testing of uranium alloy fuel elements and other 
reactor components. Regardless of your interest, you 
will be able to choose a position in our varied opera- 
tions. Atomic experience is not prerequisite! 


Located in Pittsburgh’s South Hills, Bettis Plant 
is adjacent to pleasant suburban areas as well as 
convenient to one of the nation’s most progressive 
cities where educational opportunities are exceptional. 


If you are interested in working ff 
in the field of atomic power write 
for the brochure, ‘*Tomorrow’s ; 
Opportunity Today.’’ Address'| Miz. 
Mr. A. M. Johnston, Westinghouse p 
Bettis Plant, Dept. A-120, P.O. Box 


lomorriw's 


Opportunity 





1468, Pittsburgh 30, Pennsylvania 


BETTIS PLANT 
Westinghouse 
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Finer climate & living... 


yours at MELPAR 


Melpar is advantageously located in a residential suburb 
in Fairfax County, Virginia, 10 miles from Washington, D. C. 
Attractive new homes and apartments are within a few 
minutes traffic-free drive of our Laboratories. Modern shop 
ping centers make trips to the city unnecessary except for 
enjoyment of its many cultural and recreational offerings. 

Regardless of whether you choose suburban, country or 
city living, you'll enjoy our proximity to mountains, beaches, 
and other recreational and scenic attractions. Our climate 
is pleasant with its short winters, beautiful spring and fall 
seasons, and its average summer temperature of only 77°. 
Outdoor living is enjoyed 215 days of the year. 

The Laboratory’s ‘‘climate”’ is ideal, too. Our project group 
basis of organization enables you to participate in complete 
engineering problems and gain diversified experience. The 
range and complexity of our projects assure you of assign 
ments which will stimulate your creative and analytical 
talents. 

Qualified applicants may visit the area as our guests to 
inspect Melpar. 


We Are Engaged in The Following Fieids: 

Flight Simulators. Radar and Countermeasures. Network Theory. Systems 
Evaluation. Microwave Techniques. Analog & Digital Computers. Mag 
netic Tape Handling. UHF, VHF, or SHF Receivers. Packaging Electronic 
Equipment. Pulse Circuitry. Microwave Filters. Servomechanisms. Sub 
minaturization. Electro-Mechanical Design. Small Mechanisms. Quality 
Control & Test Engineering. Field Engineering Antenna Design 


For detailed information on Melpar and living in the Washington, D.C. area 
Write; TECHNICAL PERSONNEL REPRESENTATIVE 


MELPAR y /ncor porated 


1 Subsidiary of Westinghouse Air Brake Company 


3632 Arlington Boulevard, Falls Church, Virginia 
10 Miles from Washington, D. C 


Positions also available at our laboratories located in Watertown and Boston, Massachusetts 
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These publications are proposals 
for new standards or test codes, or 
revisions of present publications, 
which are in the formative stage. 
They are made available without 
cost, so that all interested individu- 
als may obtain them for study and 
comment, thus supplying practical 


experience in their use before sub- 


4 4 A my 
id 





1A General Principles for Rating 
of Electric Apparatus for 
Short-Time Intermittent or 
Varying Duty (September 
1941) 

Addendum to AIEE No. 1 
General Principles Upon 
Which Temperature Limits 
Are Based in the Rating of 
Electric Machines and 
Other Equipment (February 
1956) 

Application Guide for Ground- 
ing of Instrument Trans- 
former Secondary Circuits 
and Cases (March 1951) 

Insulation Maintenance Guide 
for Large AC Rotating Ma 
chinery (May 1954) 

Test Procedure for Evaluation 
of the Thermal Stability of 
Enamelled Wire (October 
1955) 


Induction Motor Letter Sym- 
bols (January 1956) 

Test Code for Metallic Recti 
fiers (March 1956) 

Guide for Specification of 
Electronic Voltmeters (April 
1955) 


Guide for Specification of Sig- 
nal Sources (April 1955) 


Guide for Specification of 
Cathode-Ray Instruments 
(April 1955) 

Test Code for Carbon Brushes 
(October 1953) 

Test Code for Power Factor 
Testing of Power Trans- 
formers (January 1955) 

Test Code for Power Factor 
Testing of Distribution 
Transformers (October 1955) 

Test Code for Direct-Current 
Carbon-Pile Voltage Reg- 
ulators for Aircraft (April 
1955) 

Application Guides for: 
Ground-Fault Neutralizers; 
Grounding of Synchronous 
Generator Systems; and 
Neutral Grounding of 
Transmission Systems (Octo- 
ber 1954) 

Guide for Evaluating the Etf- 
fect of Solar Radiation on 
Outdoor Metal-Clad Switch- 
gear (October 1955) 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 
33 West 39th Street 
New York 18, N. Y. 
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Creative Engineers: 


Work where imaginative 


engineering becomes intelligent 


hardware...in quantity! 


It takes a special kind of scientifi 
imagination and engineering freedom 
to develop and design intricate auto- 
matic systems for inertial guidance. 
ight control, armament control and 
data processing. At AUTONETICS, your 
opportunity to be creative in these 
fields is practically unlimited—because 
\ou know your ideas can be brought 
to life on the production line. 


LABORATORY PERFECTION 

COMES TO THE ASSEMBLY LIN# 

lo build just one of these electro 

mechanical brains or muscles is a tech 

nological triumph. But today —with 

facilities and standards of precision 

that rival those of an operating room 
\UTONETICS is delivering these 

advanced and reliable systems at a 

quantity-production pace. 


FOOLS AND TECHNIQUES TO 
IMPLEMENT YOUR IDEAS 
\UTONETICS’ precision machine shops 
ire capable of millionths of an inch 
precision in either developmental or 
volume quantities. Electronics capabil 
ity includes micro-miniaturized coim 
ponents, complete computers and 


AUTONETICS’ 
new, modern facilities include an Auto 
navigation Building which provides 


transistorized circuits. 


the precisely controlled environment 
for large-scale development and manu 
facture of advanced inertial guidance 
systems. Extensive production and 
development test equipment includes 
automatic electronic check-out systems 
and the latest environmental equip 
ment...as unique as the electro 
mechanical controls they evaluate 


ARE THESE THINGS 

IMPORTANT TO YOU 7 

Do you need the engineering freedom 

that this kind of production capability 

creates? Youcan have it at AUTONETICS 
one of the few companies in the 

world that can design and quantity 

produce complete automatic control 

systems for both military and industry 


LET US KNOW what kind of creative 
engineering interests you (please 
include highlights of your education 
and experience). 

Write today to: Mr. W. D. Benning 
Engineering Personnel, Dept. 991- 2EE 
\utonetics, Box AN, Bellflower. Calif. 


THREE AUTONETICS ENGINEERS ON THEIR WAY UP 


AUTOMATIC CONTROLS MAN 


Fesruary 1957 Please menti 


Autonetics @ 


A Division of North American Aviation, Inc 


HAS NEVER BUILT BEFORE 
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ELECTRICAL 
ENGINEERS 


If you have had engineering experience in any of the cat- 
egories shown below, Northrop Aircraft has an attractive 
position for you, with many benefits. Important among 
them are high compensation, challenging assignments, 
steady advancement, recognition of initiative and ability, 
and continued interest in your progress. Many outstand 
ing engineering positions are offered, as follows: 

ELECTRICAL GROUP, which is responsible for the de- 
sign of such things as power generation and distribution 
systems, rectifiers and power converters, and auxiliary 
systems as applied to manned aircraft, guided missiles 
and ground support equipment 

COMMUNICATIONS AND NAVIGATION GROUP, which 
is responsible for the design of C/N systems in manned 
aircraft and installation of guidance systems in missiles. 

FIRE CONTROL RADAR GROUP, which is responsible 
for the installation and application of the most advanced 
type of fire control systems in fighter-interceptor aircraft 
The work covers the installation of the equipment and 
associated wiring; continuing liaison with equipment 
manufacturers; preparation of system analysis and re- 
ports; and follow-up of system performance in the field 
as aircraft become operational 

INSTRUMENT GROUP, which is responsible for the de 
sign of instrument systems for manned aircraft and the 
installation of flight test instrumentation for guided 
missiles 

There are also opportunities for draftsmen with either 
electrical or mechanical experience 

At Northrop Aircraft you will be with a company that 
has pioneered for seventeen years in missile research 
and development. Here you can apply your skill and abil- 
ity on top tevel projects such as Northrop’s new super- 
sonic trainer airplane, Snark SM-62 intercontinental mis- 
sile, and constantly new projects. And you'll be located 
in Northrop’s soon to be completed multi-million-doliar 
engineering and science building, today’s finest in com- 
fortable surroundings and newest scientific equipment. 

if you qualify for any of these representative positions, 
we invite you to contact the Manager of Engineering 
industrial Relations, Northrop Aircraft, inc., ORegon 
8-9111, Extension 1893, or write to: 1015 East Broadway, 
Department 4600-8, Hawthorne, California 


NORTHROP 


NORTHROP AIRCRAFT, INC., HAWTHORNE, CALIFORNIA 


reducers of Scorpion F-89 Interceptors and Snark SM 62 Inter vtinental Miss 





NOWw— 


You Can Keep Your Copies 
of 
ELECTRICAL 
ENGINEERING 
in Orderly Fashion 
and Good Condition 


Practical attractive binders that 
hold the issues of ELECTRICAL 
ENGINEERING for one year are 
now available. Your copies may 
be easily and quickly inserted, 
and can be removed readily, if 
necessary. 


Binders have stiff covers of heavy 
quality dark blue imitation leather, 
round corners, and are embossed 
on the cover and backbone with 
the title, the Institute's emblem, 
and the words—Jan.-June; July- 
Dec. 


The binders come in sets of two, 
and at a cost of $4.00 per set (no 
discounts allowed), with postcge 
prepaid, may be obtained from 


Order Department 


AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS 


33 West 39th Street 
New York 18, N. Y. 
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UNIVERSITY OF 


me 


Tra.30 


At UCRL’'s Livermore, 


linear accelerator 


California, 


Could you help advance these 


New techniques...new equipment...new knowledge—all are 
in constant growth at Livermore and Berkeley, California as some 
of America’s most challenging nuclear frontiers are met and passed 
by the University of California Radiation Laboratory’s unique 
scientist-engineer task force teams. 

There are many such teams. And what you can do as a member, 
is limited only by. yourself—your ability and your interest. 

For UCRL is directed and staffed by some of America’s 
most outstanding scientists and engineers. This group offers 
pioneering knowledge in nuclear research—today’s most expansive 
facilities in that field...and wide-open opportunities to do 
what has never been done before. 


F YOU are a2 MECHANICAL OF ELEC- 
TRONICS ENGINEER, you may be in 


volved in 


fields of theoretical and experimental 
physics as weapons design, nucleat 


a project in any one ol rockets, 


nuclear emulsions, scientific 


many interesting fields, as a basic 


photography (including work in the 
new field of shock hydrodynamics) 
reaction 


member of the task force assigned each 


research problem Your major contribu assembly. 


history, critical 
tion will be to design and test the nec 

essary equipment, which calls for skill 

it improvising and the requisite imagi 


nativeness to solve a broad scope of con DIRECTOR OF 


UNIVERSITY OF 
LIVERMORE, 


sistently unfamiliar and novel problems 


c IFORNI 
If you are a CHEMIST OF CHEMICAL seen 


ENGINEER, you will work on investiga- 
tions in radiochemistry, physical and projects and opportunities 
inorganic chemistry and analytical 
chemistry. The chemical engineer is My fields of interest are 
particularly concerned with the prob- 
lems of nuclear rocket propulsion Name 


weapons and reactors. Add 
Address 
If you are a PHYSICIST Of MATHEMA- 


TICIAN you may be involved in such ), ne Se es 
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CALIFORNIA RADIATION LABORATORY * Berkeley 


tite 
designed to deliver 


PROFESSIONAL 


Livermore 


~ 


interior view of drift tubes in high-current 


150 ma of 3.6 Mev protons or 7.8 Me deuterons 


new frontiers? 


nuclear physics, high current linear 
accelerator research, and the controlled 
release of thermonuclear energy 

In addition, you will be encouraged 
to explore fundamental problems of 
your own choosing and to publish your 
findings in the open literature. 

And for your family —there’s pleas 
ant living to be had in Northern Cali 
fornia’s sunny, smog-free Livermore 
Valley, near excellent shopping « enters, 
schools and the many cultural 
tions of the San Francisco Bay 


ittrac 
Area 


You can help develop 
tomorrow—at UCRL today 
Send for complete information on the 
facilities, work, personnel plans and 
benefits and the good liv ly your family 


can enjoy ‘ ‘eri 


PERSONNE! 


CALIFORNIA RADIATION LABORATORY 


Please send me complete information describing UCRL facilities, 


Zone State 
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LENKURT Electric Company INVITES ENGINEERS 


to work and live on the beautiful SAN FRANCISCO peninsula 


LEADING MANUFACTURER 
OF CARRIER TELEPHONE AND 
MICROWAVE EQUIPMENT HAS 
OPENINGS FOR 


Communications Engineer fiiter 
Development kngineer yst 
Applications Engineer fi 
Mechanic al Luginecr 


executive 


SEE US AT THI 
IRE CONVENTION 


BROADEN THE 
HORIZONS OF 


lesign of 
Wire collect telegraph 
resume to circuit 


riginal we 


MR. FOSTER f 


kenyinecrin ] mpl vinioud 


Manaus | 


LENKURT Hlectric Company SAN CARLOS, CALIFORNIA 


ting work in advanced 


nunufacturer, Direct 


noplete 4 vonsibility 


CIRCUIT DESIGN ENGINEERS FOR 
TELEPHONE CARRIER DEVELOPMENT 


YOUR FUTURE! Interesting 


ind associated 


ind transistor 


HERE ARE EXAMPLES OF INTERESTING 
POSITIONS 


PROJECT COMMUNICATIONS ENGINEER 


NOW AVAILABLE AT LENKURT: 


MECHANICAL ENGINEERS 


Opportunity to work on 


em planning tor future products the design of component 
yo large carrier and radix mechanics tor filters, 


contact with top transformer nd capacitors 


ompany and 


large project 


APPLICATIONS ENGINEERS 


Outstanding high level 
positions open for Engineers 
vith telephone company 


toll transmission experience 


in advanced 


carrier telephone and 


PRODUCTION ENGINEERING 


Designs will include For Engineers with design 


adaptations xperience on electronic 


Kistiug circuits using circuits, instrumentation or 
cvthy trade 


irrier frequency apparatus 








ENGINEER 
PRANSFORMER 
Graduate Engineer from recognized college for 
development and design of power transformers. 
Recent experience in all phases of design work 
important. Position offers unusual opportunity 
in an advancing endeavor. All communications 
will be held in confidence. Salary determination 
based on ability and past performance record. 
Reply fully to: 
1-6 
P.O. Box 2066 
Philadelphia 3, Pa. 


ELECTRICAL ENGINEERS 
Assistants to project engineers will be inter- 
viewed. Well rounded men having 3 to 4 years 
experience, BS degree, interested in design of 
specialty transformers and voltage regulators 
needed, This is an opportunity to work in New 
England with a smaller company. Send complete 
resumé including education, experience, salary 
and history to: 

William P. Carpenter 
rHE SUPERIOR ELECTRIC COMPANY 


Bristol, Connecticut 














Change of Mailing Address 


Name 
New Street 

Mentior 
City & State, Zone Wo 


Membershiy shown in your mailing address) 


ssure a correct entry in the YEAR BOOK please also furnish 
Compan Name 
Company Addres 
Department 
Title (if one has bee 
Home Address 


Are you a registered professional engineer 











SALES ENGINEERS WANTED 


Excellent opportunities for engineers with well established 
East Coast Industrial Instrument Manufacturer now ex 
panding branch office coverage 
Electrical, Mechanical, or Electronic Engineers preferred 
Openings in San Francisco, St. Louis, Detroit, Birmingham, 
Chicago and Philadelphia 
Generous company paid benefits include hospitalization 
pension, insurance, and vacation plans 
Box 487 
ELECTRICAL ENGINEERING 


33 W. 39TH STREET 
NEW YORK 18, N. Y. 
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Wanted: Pioneers for man’s last frontier 


Help us build power for the 


conquest of space: 


LARGE 
ROCKET 
ENGINES 


WILLIAM J. CECKA, iR., 35, aero 
nautical engineer, (Univ. of 
Minn. °43), was called from 
North American by the Air 
Force for experimental rocket 
work in 1944. On his return 
he progressed rapidly: 1948 
supervisory test job; 1950 
group engineer, Operations 
1953 engineering group leader 
1955, section chief of engineer 
ing test. Using our refund 
plan, he has his M.Sc. in sight 


GEORGE P. SUTTON, in the 13 bril 
liant years since receiving his 
MSME, Cal Tech, has made 
rocketry a way of life. His 
reputation is world wide. His 
book Rocket Propulsion Ele 
ments is recognized as the 
standard text on the subject 
Still active academically, but 
no bookworm, he takes time off 
occasionally to study the laws 
of motion at some of the 
world’s better ski resorts 


Tomorrow’s count down already fills the air at 
ROcCKETDYNE'S 1,600-acre Field Test Laboratory in 
the Santa Susana Mountains near Los Angeles 
For this is the free world’s largest workshop for 
rocket engineering — the great new industry that is 
now attracting many of the finest scientific and 
engineering minds in the country 


EXACTING RESEARCH, EXCITING PROSPECTS 


From the rock-bedded test stands come 2 miles of 
recordings per day — data far ahead of available 
texts. The big rocket engine is a flying chemical 
factory in an absolute state of automation. It toler 
ates no error. It demands ductwork, turbomachin 
ery, pressure chambers, orifices, injectors, heat 
exchangers and closed-loop control systems that 
must put hundreds of pounds of precisely mixed 
propellants into controlled combustion every sec 
ond. Tolerances go down to 0.0001”. Temperatures 
range from -250° F to 5000° F. Process time con 
stants occur in “steady state conditions” of the 
order of a few milliseconds. Event sequences are 
minutely evaluated, as basis of designed perfor 
mance predictions of extreme exactitude 

The methods now being developed at 
ROCKETDYNE for producing effective power to the 
limits of mechanical stress will have wide applica 
tion. Such experience is practically unobtainable 
anywhere else. As a graduate engineer, you may 
be able to participate— now 

What motivates a rocket engineer? Well, the 
material advantages are high; but it is the work 
itself that draws him most. He feels the same incen 
tive that moved Magellan spurred the Wright 
Brothers ...and beckoned again to Goddard as he 
flew the first liquid rocket at Auburn, Mass. in 1926 

At RockeTpyng, you can do this kind of pioneer 
ing in a management climate that stimulates per 
sonal growth—and rewards it to the limits of your 
ability. Academically, too, you can grow with our 
financial aid; some of the nation’s finest univer 


sities are close by 


INTERESTING BOOKLET: ‘he Big Challenge’ 
design criteria and development approaches used 
at RockeTpyNE. Write for your personal copy, 
specifying your degree and years of post-college 
experience. Address: A. W. Jamieson, Engineering 
Personnel Dept. 2-EE, 6633 Canoga Ave., Canoga 
Park, California 
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THE CITY COLLEGE OF NEW YORK—Severa 
positions will be available on the teaching staff of the 
Electrical Engineering Department. Rank and salary 
commensurate with qualifications and experience. Op 
pertunity for graduate stud Address inquiry to Dr. ¢ 


[ IN J \ ERSI ry OF T ORONTO Froehlich, CCNY, Electrical Engineering Department 


New York 31, New York 


FACULTY OF APPLIED SCIENCE AND ENGINEERING COMMUNICATIONS ENGINEERS—Interesting and 
challenging opportunities in medium-sized, progressive, 
and fast growing organization Work involves systems 
research on new communication concepts and systems 
prior to design stage (lowe ontact with top company 

Applications are int ited for executives on product planning. Desirable background 
would include work on tele, ne carrier, microwave 
the position of tadio, « multiplex systems. Lenkurt is one of the 

, world’s leading producers of ommunication equip 
ment, Generous company benefits and ideal living con 
PROFESSOR Of} ENGINEERING PHYSICS dition an Frag I a. Ca lect, wir 
collect r send resume to 1 4. Combellick, Manager 
of Communications Engineerit 
Ihe course in Engineering Physics has been in successful operation at this ELECTRICAL ENGINEERS AND PHYSICISTS—-Elec 
trons Incorporated a ‘ er in the higt irrent 
iiversity for over twenty year By its nature it has not in the past required a industrial thyratron and pool tube field, has excellent 
openings tor interested rt mgineer 
iching and administrative department associated with it, but in the future such — | in importa Wey velopments. Prior 
tube n ering not Write for an interview 
. degree of individuality will be required, It is proposed, therefore, to initiate such appointment. I ) rated, 1 
nue, Newark 3 


6, or physicists 


experience in 


department by appointing a professor of Engineering Physics, who will become 

ASSISTANT AND ASSOCIATE PROFESSOR OF EN 
he nucleus for future growth. The particular professorial rank will, of course GINEERING interested in teaching and research ic 
equal amount, Electronics and circuit men preferred to 
lepend upon the qualific ations of the person appointed Such a person ought to help complement grou electromagnetic theory. Ex 
cellent opportunity fo evelopment and advancement 
« had at least six or seven years of suitable experience beyond graduation for qualified yor rite to Professor C. M 
Angulo, K ). Kodis, of \ ihauser or to Chair 
\ Ph.D. degree is not essential but is desirable as an indication of a leaning man, Division of Engineeri wn University, Provi 
dence 12, Rhode Island 
irds academic work and the research that that implies. It is believed that this 
PROFESSORS. -Faculty posit I in Electrical 
in unusual opportunity Engineering in fields of solid-state electronics, commu 
nication theory, microwave o ) c puters and 
others. Level depends upon sliications, Apply to 
Address inquiries to Professor John K. Whinnery, Chairman, Division of 
RK. BR. Mel aughlin Electrical Engineering, University of California, Berk 


eley 4, California 
Dean 

ENGINEER Magnetice Outstandin 
Faculty of Applied Science EI 


& opportunity for 

familiar with modern Magneti Theory to perform 
levelopment work on sucl mponents as magnetic 

ind Engineering, , y k 

. B amplihers and saturable rea e devices, Please write 

University of Toronto Hycor, Division of Internatio Resistance Company 

12970 Bradley Avenue, Sylu California 

loronto 

ENGINEER—Filter. Outstandi: »pportunity for 


with thorough knowledge of modern filter th ry 





Design, particularly low frequency and carrier 
quency. Openings exist at both Philadelphia and 
Angeles Plants of our expanding organization. Please 
write Employment, International Kesistance Company 
401 North Broad Street, Philadelphia 8, Pennsylvania 








ELECTRICAL ENGINEER—-for development work with 
4 small instrument manulacturer in Philadelphia, prefer ELECTRICAL ENGINEER — As Distribution Engineer, 
ably with a theoretical and mathematical background in for midwest municipal electric and water utility. Ex 
transient analysis and experience in high voltage 


CLASSIFIED ADVERTISING shanemene 00 bs agpties te dlelesties, Box 000 pores “2 Samet, retens Bae epeelen terme 


distribution lines. Excellent opportunity for ad 
vancement. Age 35-45. Salary commensurate with quali 
For help and situations wanted, $2.00 per line, mini- on ~y I gy bn tga me ied — SSORKS = fications and 
mum 5 lines, maximum 30 lines. Sale and purchase e in expanding department, Any field « ELECTRICAL ENGINEER for design and development 
of used machinery etc., $2.50 per line, not available ligite nputers, ouclear power especiall of electrical switches, relave and controle used in con 
to dealers. Address orders to: Classified Section, With 1, ime $6,000-$11,000. High :, nection with emall motors, Several years experience 
ELECTRICAL ENGINEERING, 6th Ficor, 33 West 39th Iry climate x 504 desired, Excellent opportunity with a stable and pro 
Street, New York 18, N. Y gressive Corporation Outstanding employee benefit 
INSTRUCTORS, RESEARCH ENGINEERS AND AS plane. Salary open. Location, SW Ohio. Please reply 

SISTANT to work for D.Se, degree at University of to Box 52 

When answering an advertisement, send all repli New Mexi Large part-time graduate program assures 

eo box number specified, c/o ELECTRICAL ENGINEER. variety of available courses, Housing plentiful, Chair ELECTRICAL ENGCINEER—With strong theoretical 
NG, 6th Floor, 33 West 39th Street, New York 18, Ek Department, U.N.M., Albuquerque background in rotary machines wanted by well estab 
N. Y., unless other address is given lished manufacturer for long range development program 
ASSOCIATE PROFESSOR ELECTRICAL ENGINEER to expand existing lines f ivilian product motors 
IN¢ t tea y luate courses in transients, servo servo motors, tachometer generators and other military 


experience, Box 51 


mech aniat acut ube circuite and electromagnetic instrument mponents, Men interested in the above 





arises and to spend about one-half position are invited to write to G-M Laboratories, Inc 
und deve ment work for contractor Personne Department, 4300 N. Knox Avenue, ( hicag« 
ary to $1,000 for 11 months. Write 41, Illinois 


Positions Open IN-SINK-ERATOR—The Originator and one of the 
PROFI " ELECTRICAL ENGINEERING for leading manufacturers of garbage disposers, has an 


ment to India, Would be head opening for an: Electrical Engineer, graduate, interested 
ELECTRICAI ENGINEERING to 


in the study and design of fractional HP motors, test 
urchin the field communications 
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SYSTEM All-weather flight systems, radar control ENGINEER-DESIGNER ELECTRICAL 30 years expe 
systems for airplanes and missiles, flight control com rience Power House ndustrial Oil Refinery, Desires 
1 specialized radar research. ELECTRONICS connection as Partner or Associate, Location New York 
rOMATK COMPUTERS— Communications Box 518 
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{ the e ent { Eleetrical Engineering and in 


ELECTRICAL ENGINEER Electrical Engine 


ote » electrical design of power plants of du AND al 
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ELECTRICAL ENGINEERING 


goes direct to engineers and executives. 


® Engineers who initate planning ® Engineers who design and construct 
® Engineers who serve as consultants and specialists 

® Engineers who decide what to buy and where to buy it 

e Key executives who are responsible for installations and operation 


ELECTRICAL ENGINEERING 
FIRST IN THE FIELD 


1st IN CIRCULATION 


To Electrical Engineers and Key Executives, a circulation of more 
than 57,000. 


1ST IN COVERAGE 


Electrical Engineering reaches every branch of industry. 


1st IN EDITORIAL CONTENT 


Authoritative and complete details of important discoveries, de- 
velopments, and the latest in engineering practice. 


1st IN READER INTEREST 


Electrical Engineering is directed to and holds the close attention 
of progressive electrical engineers throughout industry. 


Ist IN ECONOMY 


Electrical Engineering, saves you advertising dollars by direct 
presentation to the men who specify what to buy and where to 
buy it. 


Write or wire today for 
complete information. 








Electrical Engineering 


American Institute of Electrical Engineers, Advertising Department 


33 West 39th Street New York 18, N. Y. 
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and potential of test setup that 
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90 leading to 
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You can have any 
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PHASE HIFTER 
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ouel variable it 1 
juick and easy to use for 
testing electronic equi 
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tating standards watt ie-power-factor-readings under 
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Has two direct-reading scales bilit and high accuracy Rated 


One is calibrated n degrees fo t 60 oF 00 volt-ampere Ir 


electrical angle of displace pt 0/2 o i-phase, delta 
nt the other in correspond Output 70 or 240 volt t-phase 
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Heavy, felted asbestos walls are applied over and under the varnished cambric 
tapes... then thoroughly impregnated . . . then the impregnated asbestos is com- 
pressed to a dense, homogeneous wall that ensures long cable life 


These Flexible Felted Asbestos Walls in Rockbestos A.V.C.° 


Motor Lead and Apparatus Cables... 


keep your equipment operating dependably 


The dense, felted asbestos walls, thoroughly-impregnated with selected com- 
pounds, are the reason why Rockbestos A.V.C. Motor Lead and Apparatus 
Cables give such outstanding service in all types of equipment . . . will add 
dependability and longer life to your products. 


These homogeneous “seamless flexible asbestos walls’ seal the varnished 
cambric from air and moisture . . . provide long-lasting protection against 
conductor-heating overloads and high ambient temperatures. They add 
strength against damage from flexing. And because these cables won't dry 
out with heat or age, won't rot or bloom from contact with oil or grease, and 
won't burn or carry flame, they give you wire “performance protection” — 
that will help your equipment give the type of dependable operation for 
which it was designed. 


To find out more about Rockbestos trouble-free Motor Lead and Apparatus 
Cables, write or call the Branch Office nearest you. 


a 


ROCKBESTOS pPropuctTs CORP. 


NEW HAVEN 4, CONNECTICUT 


NEW YORK «+ CLEVELAND «+ OETROIT + CHICAGO «+ PITTSBURGH «+ ST.LOUIS + LOS ANGELES + NEW ORLEANS 
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How to Make 


Manual Instruments 


SWEEP DRIVI 
the Phileo Corpor 
cay t 
pern 


form t 


G-R Type 1750-A Sweep Drive $460 


Speed Range t 


The G-R Sweep Drive attaches to knobs, dials and shafts for the automati 


veeping of a wide variety of equipment. This Drive can be used to turn shafts Seeo Are tat 
, Sweep Arc Center-Position 

i1utomatically for many purposes to sweep a receiver or analyzer to obtain "y tt y 
panoramic response to open or close a switch or shutter to modulate 

Coupling System: f 
light, heat, or sound and, most important, to convert manually-operated _ to + ind d 
signal sources to sweep device 

Limit Switch Circuit 


Many mechanical or electron ‘gral sweep oscillators are available, but sre accidentally 
CRO Deflection Circuit 


ft 
’ ; 


here is a new concept i drive that ci > attached to any oscillator or signal 
enerator to fit it for a specific sasuring job. Oscillators can be taken off the 
Bianking Circuit 


shelf for conversion to sweep de\ as the need arise There is a choice of 


aS many sweep generators ¢ are hand operated oscillators available Rated Maximum Torque 


WE SELL DIRECT 
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GENERAL RADIO Company 


Broad Avenue at Linden, Ridgefield, N NEW YORK AREA ) M an Ave CHICAGO 5 
York } 1A F PHILADELPHIA 


Md WASHINGTON, D.C N ward St LOS ANGELES 38 
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specifically designed for critical 


RCA “Special Reds”... warranteed for 10,000 hours minimum 
operating life... are in a class by themselves for industrial applica- 
tion demanding the finest in tubes. 


Only RCA “Special Reds” feature 10,000-hour plus life, excep- 
tional resistance to shock and vibration, remarkable stability, and 
excellent uniformity of characteristics from tube to tube. 


RCA “Special Reds” are recommended for initial designs in elec- 
tronic equipment for industrial applications, air, marine, land-mobile 
communications, and unattended relay and transmission circuits— 
providing that important extra-margin of life and reliability vital 
for continuous service. 


For details and data, write, RCA Commercial Engineering, Section 


B16Q, Harrison, N. J. or contact your RCA Field Representative 
at the office nearest you. 
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industrial application 


RCA-5690—Full-Wave Vacuum Rectifier with separate 
heaters and cathodes. 

RCA-5691— High-Mu Twin Triode. Similar to RCA-6SL7- 
GT, but has twice the heater current 

RCA-5692— Medium-Mu Twin Triode. Similar to RCA- 
6SN7-GT 


RCA-5693— Sharp-Cutoff Pentode. Similar to RCA-6SJ7. 
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